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PUBLISHER'S NOTE 


Asia is a vast and magnificent land with a magnificent heri¬ 
tage of civilization and a diversity of cultural strands and 
traditions. Yet the Asiatic Society, since its inception in 1784 
took up this broad canvas for its investigations under the 
scholarly leadership of its founder Sir William Jones. Dilating 
on this point in the first annual discourse. Sir Jones declared, 
“if it be asked what are the intended objects of our enquiries 
within these spacious limits, we answer M AN and NATURE, 
whatever is performed by the one or produced by the other.” 
These memorable words have since been paraphrased in the aims 
and objects of the Society af»yffhe bounds of its investigation 
will be the geographical limits of Asia, and within these limits 
its enquiries will be extended, to whatever is performed by Man 
or produce d by Nature.” 


Sir William Jones had for his colleagues a band of enthusi¬ 
astic persons with scholarly bent of mind like Charles Wilkins. 
H. T. Colebrooke, William Chambers, H. H. Wilson, Sir John 
Shore, Jonathan Duncan and several others. Inspite of being 
stationed in Civil, Military and Judicial branches of administra¬ 
tion, they evinced keen and abiding interest in unfolding the 
hidden treasures of Oriental learning, and thus laid a solid 
foundation of the science of Indology or Orientology, to be 
more precise. These illustrious scholars, undettered by handi¬ 
caps, faithfully and zealously translated the objectives outlined 
by the founder in their literary and scientific tracts and 



dissertations that they presented at the forum of the Society that 
provided an exciting new dimension to Asian studies. Sir Jones 
contemplated to publish these fruits of researches by the scholar- 
members in annual volumes for wider appreciation by the 
academic world, and the first volume of “ASIATIC RESEAR¬ 
CHES” came out under his own editorship in 1788, three years 
after the foundation of the Society. Sir Jones was the editor 
for the first six years i,e. upto 1794. Fourteen more volumes 
were published under the auspices of the Society upto 1839. 


And now Cosmo Publications takes pride in bringing out 
this first authorised reprint of the “ASIATIC RESEARCHES” 
complete in 20 volumes. The wide range and variety of 
subjects dealt with in these volumes present a panoramic view 
of the civilization and culture of Asi3 in its different facets 
and in the different periods of history. There are no less than 
367 essays, some amply illustrated in the series of 20 volumes. 
An analysis of subjects with a select list of names of the contri¬ 
butors, given below, will enlighten readers about their worth. 
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Low. 

5. Coins Weights A Measures ...3 articles. 
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I. 

OBSERVATIONS 


ON THE 

INCLINATION AND DECLINATION 


MAGNETIC NEEDLE. 


By LIEUTENANT COLONEL J. A. HODGSON. 

Surveyor General qf India , and 

MONSIEUR DE BLOSSVILLE. 

Honorary Member Asiatic Society. 


Communicated by Captain J. D. Herbert, Assistant to the Surveyor General. 


The progress which Das latterly been made in the investigation of the 
magnetic phenomena is remarkable. A new scienca. that at Electro¬ 
magnetism, has been created, and the happy conjecture hazarded by 
Playfair, that the mysterious properties or powers of matter, which we 
name gravity, chemical affinity, galvanism, magnetism, electricity, &c. 
would be one day referred to a single cause, has been almost realized. The 
very striking facts developed in the thermo-electric experiments have 
been ably investigated, while the law of the magnetic force has been 
determined, and the effect of local attraction rigorously calculated. The 



a 


INCLINATION AND DECLINATION 


curious practical result of tliest latter investigations leading to the 
correction of that disturbance, under which the magnetic needle on board 
ship had till then laboured, from the influence of the iron-work about the 
vessel—offers an example of that utility which, though it may not always 
be obvious, yet is assuredly sooner or later the fruit of an assiduous cul¬ 
tivation of science. 

Nor have the more ordinary phenomena of magnetism been neglect¬ 
ed in this general movement. An immense mass of results have been 
collected by our voyagers to the north pole, relating to the declination 
and inclination of the magnetic needle, as well as the intensity or direc¬ 
tive power. Other observers have assisted, and as far as Europe and the 
northern regions are concerned, little, perhaps, remains to be desired in this 
branch of experimental Physics. But with regard to the other countries 
of the globe, the facts that have been collected are “ few and far between.” 
I am happy, therefore, to be able to communicate the following observa¬ 
tions made in this country by two members of this Society. We have 
not yet had any observations of the kind recorded in India, and I doubt 
not the Society will receive favorably this attempt to fill up the blank 
that exists. Let us hope, too, that the publication of these results may 
stimulate other enquirers ; and that, by their exertions, we shall yet have 
correct determinations of the three elements of magnetic inclination, 
declination, and intensity, at all the principal places of our Indian empire. 

The results now offered comprehend the determination of the declina¬ 
tion and inclination of the magnetic needle. The first series made on board 
the French Corvette La Chevrette, isbyM. de Blossville. 1 have not 
thought it necessary to translate his introductory notice, as preferring to 
retain his own expressions. 

Lea observations que j’&i faites dans les differens lieux on La 
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Chevrette a touche comprennent tous les elemens du magnetisme terrestre; 
maia 1’etude des plusieurs de ces phenom^nes ne pourront fournir dea 
rfesultats positifa, qu'apr^a ayoir repete a l’observatoire royal de Paria, 
les 6preuves dea inatrumena qui oat 6t6 employes * il ne sera question 
dans cette notice que de l’inclinaison, et de la declinaiaon de 1 aiguille 
aimant£e. Ce n’est egalement qu'aprfea le retour de la Corvette, qu'on 
pourra a’occuper de tirer dea conclusions des observations m£t£orologiquea 
qui ont tlk faites d’heure en heure avec des barometrea et dea thermo- 
metres tres exacts, pendant toute la durbe du voyage.” 

“ L’inclinaiaon de l'aiguille a fetfe mesuree avec une boussole et quatre 
aiguilles qui furent raises pour la premiere foia en experience a l'Obaerva- 
toire de Paris, en presence et sous la direction de M. Arago, membre de 
I'lnatitut, quelquea jours avantnotredepart. Dans cette occasion, comme 
dana toutes lea autres, loraqu'une aiguille a ete obaervee sur ses deux 
faces; on a change ses poles avec de forts carreaux et apr£s avoir obtenu 
une seconde inclinaison, on a eu, en prenant la moyenne des deux, un 
results* exempt des erreurs qu'aurait pu produire un defaut dlequilibre. 
Pout placar l'aiguille dans la direction meridienne magnetique on a cherche 
d’abord le plan perpendiculaire, ou le plan de l'equateur dans lequel eile 
se trouve verticale, ou bien, dans les faibles latitudes, on a oriente la 
boussole d’apres uue mire bien determinee. Quelque foia ces deux me- 
thodes ont ete employees concurremment et ont offert l accord le plus 
parfait. On trouve dans le tableau le resultat moyen dea quatre aiguilles.” 

“ Une description de la boussole declinatoire qui nous avait ete four- 
nie par Le depot dee cartel et plans de la marine, serait trop longue, maia 
les personnes qui l’ont vue a Calcutta ae sont convaincua de l’exactitude 
de cet instrument, et de tous les moyens de verification qu'il reunissait. 
Dans toutes les experiences on s’est servi de deux aiguilles qu'on retoumait 
sur leun chapes au milieu des observations et dont on n’a pas renouvelie 
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le magnetisme pendant toute la dur£e du voyage. Les deux aiguilles n'ont 
jamais differ/- de plus d'une minute dans le relevement des mires dont la 
position astronomique a toujours et6 dfetenninee au moyen d'une circle 
de reflexion de Borda, par des series nombreuses d'azimuths pris a Test 
et a 1’ouest." 


1_TABLEAU DES INCUNAISONS ET DECLINAISONS. 


NOMS DES LIEUX. 

Declinamon. 

In CLIN Alton. 

Paris. 


34' 

41" 

N. O. 

67° 

51' 

43" 

N. 

Too Ion, —. ........ .... 

19 

34 

as 

N. O. 

63 

14 

0 

N. 

St. Denis-Ile Bourbon, .. 

14 

#7 

48 

N. O. 

66 

06 

61 

S. 

Calcutta, . 

a 

>8 

06 

N. E. 

36 

33 

38 

N. 

Chaadenufor,. 

a 

39 

6a 

N. E. 

30 

47 

03 

N. 

Rupu* . .... .... 

0 

49 

S3 

N. E. 

17 

61 

47 

N. 

Triofaemalay, . 

i 

08 

06 

N. E. 

8 

34 

10 

8. 

JifflMpttaa. 

l 

16 

00 

N. E. 

0 

89 

46 

8. 

Sootlperon, Ceyloa, .... ........ 



» 


0 

36 

34 

8. 

Aripo, Ceylati, .... .... .... 



„ 


3 

17 

34 

8. 

Batavia, .... . ■ ■ - 

0 

31 

00 

N. E. 

35 

60 

01 

8. 

P—dicbcnry, . 

l 

»3 

13 

N. E. 

3 

46 

00 

N 

Karlkal. . 

l 

14 

01 

N. E. 

» 

v 

.. 


• Lea observations de Raagoan oat ete faitea par le Captn. Fabrl, et M. Jeaaneret. | 


This Table is an important addition to our knowledge of the mag¬ 
netic phenomena. The magnetic equator, it appears, passes at no 
great distanre north of the island of Ceylon, and touches the northern 
extremity of the island Junkseilon. This would give the place of the 
magnetic pole, as in lat. 80*. long. W. 105*, being very nearly the position 
assigned to it by the observations made by Captain Parry and his asso¬ 
ciates*. It does not, however, appear that the magnetic equator must 


Firet Voyage. Captain Saanta gives the poaition aa being 60* N. Lat. and 80° W. Long. 
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necessarily be a great circle of the sphere, or the magnetic pole a mathe¬ 
matical point. 

The next Table contains the details of some magnetical observations 
made at the observatory of the Surveyor General’s Office, under the direc¬ 
tion of Lieutenant-Colonel Hodgson. There being no inclination instru¬ 
ment, or dipping needle, in the depot, the investigation was necessarily 
confined to the determination of the declination. The paper gives all the 
particulars, and details the precautions taken to insure a correct result, 
one verification which is not touched on in either of the papers I may 
notice, as it is an important one, and is seldom adverted to. 

In' making observations with a declination circle—the following is 
the proceeding. The true azimuth of an object, or its angular distance 
from the meridian, being determined by other methods, we observe its 
magnetic bearing by the declination instrument, that is, the angle which 
the object forms with the direction of the needle. Now this supposes 
that we can determine the precise point on the limb of the instrument 
situated in the vertical plane, passing through the line of collimation of the 
telescope, and also in that passing through the axis of the needle. The 
first can be done by reversing the telescope, and repeating the intersec¬ 
tion of the object, taking the mean of the two readings as the true place 
of the telescope on the limb. But the second has this difficulty attend¬ 
ing it as these instruments are ordinarily made, that the needle being 
referred to a different set of divisions, unless we are sure that the line 
n.arked zero on each accurately correspond, there will be error. This is a 
point the verification of which is not provided for by any instrument 
lhave seen, although the remedy is obvious enough—that of making the 
tame set of divisions answer for both needle and telescope. This 
lhave understood was the case in M. De Blossville's instrument. To 
determine the amount of the error, if any, in the instrument used at the 
surveyor General's Office, I proceeded as follows :— 


c 
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A theodolite was set up, and the telescope directed to the declination 
instrument, which was placed as nearly as could be estimated, so that its 
plane should be at right angles to the axis of the telescope. The teles¬ 
cope being then made to pass through the 0* and the 180° divisions of 
the exterior limb was found to form an angle with the line of north and 
south in the compass-box, the wire of the telescope passing to the west 
of the north end. and to the east of the south end. 

It was not easy so to adjust the two instruments that the line 
described by the cross wires should exactly fall on both 0° and 180°. It 
was, in fact, found that more satisfactory results were obtained by bring¬ 
ing them on the upper point or 0 ° by means of the tangent screw, and then 
estimating the deviation on each of the other three points. As the 
telescope has a considerable magnifying power, and as the declination 
circle was within five feet, such an estimate it was found could be perform¬ 
ed with tolerable accuracy. To make this clearer, I shall give the detail of 
one observation: 

Cross wires of telescope, on 0° . O' of outer circle. 

passes to West of North, ..0 .30 inner circle. 

-East of South, .. 0 .12 inner circle. 

. East of 180° .. .. 0 .10 outer circle. 

Here then it is evident, that the cross wires of the telescope, described 
a line forming an angle of 0 ± . 1 2! — o', with the line joining 0° and 180° 
on the 'outer circle. While it formed an angle of 30 ! ^ - la = 21', with the 
line of north and south in the compass-box. Consequently, the latter 
must have formed an angle with the former of 10', and by that quantity 
must the declinations determined by this instrument be erroneous. A 
second observation gave 15 a third 13J, a fourth 12 J,— mean 14' 4". 
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To understand whether this correction be + or — we are to consider 
1st. That the line joining 0° and 180° on the limb, (north end) passed to the 
east of the line described by the cross wires; 2nd. That the line of north 
and south iu the compass-box (north end) also passed to east, but by a 
greater quantity. Then the north and south line in the compass-box passed 
(north end") to east of the line joining 0° and 180° on the outer limb. The 
point to which the needle should have been adjusted is,consequently. 14' 24" 
west of the point to which it is actually adjusted. Now, let us suppose the 
magnetic bearing of the meridian taken, it will be 2° 26' 52' north-east; but 
if the point from which the divisions are reckoned, and with it each of the 
divisions were moved 14' 24' west, then the above bearing would be 14' 24" 
more. Adding this quantity to 2° 26' 52' we get 2“ 41' 16" as the correct de¬ 
clination in Calcutta, in February 1828. It is worthy of remark, that M. De 
Bi.osbvii.i.b’s determination (9ee Table I.) is 2° 38', being only y 16" less. 
His instrument did not require this correction, as the needle and teles¬ 
cope were referred to the same set of divisions. Whether the circum¬ 
stance of its having no nonius for reading the sub-divisions will account 
for the above small difference of 3' 16", I cannot pretend to say. It is to be 
observed, that even- with the same observer and instrument, the latter 
furnished with three nonii, two different needles may vary 2' 24". 

To this cause I am disposed to attribute the discrepancies observ¬ 
able in taking magnetic bearings with different theodolites, which I have 
found sometimes amounted to 1° 30*. When the magnetic declination is 
observed with the same theodolite with which the bearings were observ¬ 
ed, this becomes a mat ter of no moment, but it must always be an obstacle 
in determining the absolute amount of the magnetic declination. For 
this reason I think no great stress can be laid on the contents of Table III. 
compiled by Lieutenant Colonel Hodgson, which I, nevertheless, give, as 
it may attract the attention of the several observers to the subject, and 
induce them, perhaps, to verify their results in the manner indicated. 
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Memorandum of Observations made at the Observatory, Surveyor General's 
Office , Chowring/tee, Calcutta, to determine the Magnetic Declination between 
the 3d February and 2 +th February, 1828. 

“ The Declination instrument ismadeby Gilbert ; the azimuth circle 
is of eight inches diameter, and divided to 30* subdividing to single minutes; 
the divisions are read by three verniers, at equal distances, and each 
observation below noted is the result of twelve readings ; i. e., three with 
the face of the altitude circle to the east, and three to the west, from the 
north end of the needle, and of as many from the south end. The telescope 
is of Ilf inches focal length, and If- inch aperture, and carries cross wires. 

The instrument being placed on a stone pillar at a convenient dis¬ 
tance from the transit instrument in the Observatory, out of the influence 
of iron, and duly adjusted, was correctly laid on the distant meridian 
mark by causing its centre wire to cover the distant meridian mark, and 
also the centre wires in the transit telescope, the wire of the declination 
instrument being reciprocally viewed and covered by the meridian wire 
of the transit telescope.” 


The result derived from three Needles, are as follow : 

TABLE II 


Data. 

1828. 

Time. 

t 1 

1*° s 

« £ 

* H 

“t 

■= E 

5 B 
< t 

fc-> 

-o £ 
is P 

11 
c ^ 

JS 

8- 

Declination 
East tit the 
North end of 
the Ncodie. 

Declination 

M rsl ul ihe 
South end of 
the Needle. 

Mean Declination I'a-t. 

P 

2 

H. M. 

0 40 t. M. 

incites. 



2° 15' 

SO'f 

2° 

27' 

30" 




OS 20 P. M. 




2 

22 

00 

2 

22 

SO 



4 

OB 20 a. M. 

20-900 

67° 

70° 

2 

25 

40 

2 

28 

so 




00 1ft P. M. 

20-010 

78 

79 

2 

24 

00 

2 

20 

20 


HK 


5 IS r. M. 

29 864 

80 

82 

2. 

22 

10 

* 

21 

20 



5 

8 S5 A. M. 

29-902 

69 

70 

2 

27 

SO 

2 

28 

10 




0|iP.N. 

20-VS4 

77*7 

80 

2 

24 

SO 

2 

22 

40 


II 


6 IS F. M. 

20 888 

80 

82 

2 

22 

00 

2 

28 

30 
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Date. 

1828. 

Time. 

£ o 

1 

U O 

m “ 

B H 1 

| 

If 

a ? 

*r, i) 

H 

*| 

-5 § 

xS 

Q a> 

H 

Drt-lination 
Last of the 
‘oitli eml of 
the Needle. 

Declination 
Veit of the 
South end of 
the Needle. 

Vie an Declination F 




M. 


1 iic'Iiph. 1 

o 

o 









February. 

6 

8 

65 

A. M. 

30 032 

00 

09 

2° 

25' 

60" 

2° 

SO' 

40" 




0 

29 

1*. M. 

30 020 

76*6 

79 

2 

21 

SO 

2 

26 

40 




7 

& 

00 

P. M. 

29-90B 

82 


11 

*6 

SO 

2 - 

23 

eo 




8 

8 

27 

A. M. 

30028 

07 ft 

08 

2 

22 

40 

a 

28 

10 

By Needle No. 



0 

62 

r. w. 

SO 012 

74 

77 

2 

24 

40 

a 

27 

20 

2° 

26' 22" 



4 

40 

I* M. 

29 970 

:h 

80 

SJ 

20 

20 

2 

26 

so 




f» 

7 

35 

1M 

30 032 

ftH ft 

01 

2 

23 

40 

2 

26 

so 





0 

30 

P M. 

30*000 

73 

70 

2 

2& 

00 

2 

2ft 

06 





5 

10 

»- M 

30 010 

7C 

78 

2 

19 

00 

2 

27 

60 




10 

0 

4H 

A. M. 

30 100 

05 ft 

or 

2 

23 

00 

2 

SO 

00 





0 

08 

P. M. 

30 050 

73 ft 

78 

2 

as 

SO 

2 

26 

60 




11 

9 

10 

A. M 

30 0M 

03 

04 

2 

21 

20 

2 

2S 

10 






00 

P M 

30 018 

72 A 

70 

2 

21 

40 

2 

27 

00 





6 

00 

P M. 

20 970 

72 

74 

2 

St 

00 

2 

SO 

40 




12 

0 

00 

A. M 




2 

24 

60 

2 

26 

00 





1ft 

1ft 

P. M 

20 970 

78 

79 

2 

22 

10 

2 

25 

20 




14 

8 

40 

A .M 

30 0*8 

03 

04 

2 

35 

10 

2 

27 

tu 





0 

30 

P M 

30 072 


77 

2 

S3 

SO 

2 

26 

20 






12 

I* M 

29 9*8 

-a 

79 5 

2 

25 

60 

2 

24 

SO 




1A 

8 

1ft 

A. M 

30 OsH 

1.1 

05 ft 

2 

SI 

10 

2 

25 

80 

By Needle No. 



0 

60 

P. M 

30 080 

77 

79 

2 

27 

10 

2 

20 

10 

2° 

27' 46' 



& 

IV 

P. M. 

30 048 

79*6 

80*5 

2 

31 

20 

2 

29 

30 




10 

9 

00 

A. AI 

30-000 

03 

05 

2 

20 

40 

2 

26 

40 





11 

50 

A M. 

30 090 

7» 


2 

29 

20 

2 

23 

30 





4 

54 

I* M 

29 920 

79*5 

80 ft 

2 

28 

00 

2 

23 

00 




17 

8 

02 

A. M. 

30 010 

00 

00 

2 

28 

40 

2 

26 

20 




in 

H 

26 

A. M. 

30 112 

00 

08 

1 a 

23 

20 

2 

29 

00 




22 

0 

68 

P. M 

OO 072 

84 5 

80 

2 

25 

30 

2 

22 

00 





4 

27 

P M. 

3J 000 

90 ft 

90 

2 

29 

10 

2 

29 

30 




23 

9 

30 

A M 

30 050 

73 5 

75 

2 

33 

00 

2 

26 

00 

By Needle tfo. 



0 

30 

P M. 

30 014 

83 

85 

2 

29 

10 

2 

26 

20 

2° 

27' 29' 



5 

35 

P. M 

29 912 

89*5 

89 5 

2 

28 

SO 

2 

24 

30 




24 

9 

30 

A. M. 

30*030 

70 ft 

77 0 

2 

29 

00 

2 

26 

20 





9 

27 

P. M. 

29 980 

83 5 

85 6 

2 

30 

00 

2 

27 

10 





ft 

42 

P. M. 

29 920 

89 5 

Ml 0 

2 

27 

40 

2 

27 

20 




Mean ui Needle, No. 1. 2° 25' 22” 

No, 2. 2 27 46 

No, a . 2 27 29 


Mean of three Needle*, .... 2 26 52 

Add error oi Zero in Compasa Box.. 14 24 

Declination East, ... 2 41 16 


D 
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INCLINATION AND DECLINATION 


“ The following are the results of some Observations for determining 
the Magnetic Variation lately made at places situated at considerable 
distances from Calcutta, and from each other." 

TABLE III. 


| Dtte. 


Province 

or 

District. 



Observer. 



1 

Year. 

Month. | 





1811 

March 

28 

Snkeet, 

Dooab, 


27°26'41".2 N. 

M^jor Hodgson, 

0° 

4* 

00" East. 


April 

11 

Benmly, 

ditto, 


28 6 88 



0 

44 

00 


May 

10 

Sesadna, 

ditto, 


28 69 00 

2 


0 

81 

80 


Jane 

21 

RUadana, 

ditto, 


29 13 40 



0 

88 

45 


Nov. 

8 

Coel, 

ditto, 


27 58 IS 



0 

59 

00 




Sookcrtal, 

ditto, 


29 28 40 

6 


1 

00 

00 


ESS 

2 

Chandy Pabar, 

ditto. 


29 55 29 



0 

87 

00 




Deli rah, 

Doon \ alley 


30 19 11 



0 

18 

08 E. 

*814 

April 


Sensponr, 

ditto, 


80 23 02 



0 

28 

00 

1815 

Feb. 

8 

Bunjary Pokra, 

Bettiab, 


27 2 29 



1 

30 

13 


May 


Dutoalia, 



20 10 30 



1 

27 

45 

1810 

March 


Seharunpoor, 

Dooab, 


29 57 10 



0 

54 

00 


April 

2 

Mohan, 



30 33 20 75 


0 

80 

00 



25 

or 

20 

^Choor Station, 

Hill States, 


SO 50 27 

33 


0 

50 

65 


Dec. 

11 

Goverdhunpoor, 

Dooab, 


20 41 19 



0 

40 

00 

1817 

Feb. 

2 

Kasheepoor, 

Roliilkhund, 


29 11 53 



0 

47 

15 

1825 

Nov. 

7 


Syllict, 




Lieut. Fisher, 

2 

21 

18 










2 

30 

00 

1827 

Dec. 


Idyanuh, 

Dehli, 


20 21 37 


Capt. Oliver, 

1 

28 

00 


Nov. 


Calcutta, 

Bengal, 


22 33 40 


Capt. Fabrc, 

2 

3B 

54 




Suiveyor Gene- ) 
ral’s Office, \ 

ditto, 


22 *3 00 



2 

28 

36 




Chandernagorc, 

ditto, 


22 50 00 



2 

30 

52 


Dec. 

30 

Langtofal, 

Munccpoor, 


24 45 28 


Lt. Pemberton, 

3 

67 

09 

1828 

Feb. 

3 

Dhoulpoor, 

Agra, 


20 40 56 

5 

Capt. Geraid, 

1 

26 

00 




Agr» t 

ditto. 


27 10 20 



1 

23 

00 



22 

Nowagaon, 

| Scindiuh’s 
1 States, 

) 

5 

25 56 80 



1 

19 

00 


March 

2 

Nurwnr Fort, 

Malwa, 


25 38 84 



1 

01 

00 

1828 

Jan. 

24 

Kyrannb, 

Dooab, 


29 33 68 


Lt. W. Brown, 

1 

31 

IS 




Bal, 

Dehli, 


29 88 00 


Capt. Oliver, 

1 

25 

00 




Tajmahnl, 

Ap», 


27 10 20 


Capt. Gerard, 

1 

09 

00 




Dhoulpour, 

ditto, 


26 41 00 



1 

11 

00 




Gwalior Real- ) 
dency, 5 

( Scindiah’s 
1 States, 

1 

26 16 00 



0 

40 

00 




Ditto Lieut. De ) 
Voeux House, $ 

ditto, 





4 

00 

00 




Serongc, 

Malwa, 


24 06 00 



0 

67 

no 



_ 

Bhopaul, 

ditto. 


28 16 00 



0 

19 

06 
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As upwards of a year had elapsed since the preceding result had 
been obtained, I thought it would be interesting to determine again this 
element, in order to judge what might be the amount, and what the direc¬ 
tion of the annual variation if any—Table IV. contains the results of 
this series of Observations, continued from the 23d May to the 9th June. 
The Observations were made by the same person, with the same precau¬ 
tions, and using the same instrument as in the preceding year; and 
therefore we may, I think, receive with every confidence the amount of 
the variation which for fifteen months appears to be IT 6" west, the 
declination itself being east, and amounting to 2" 41' 16" for 1828, and 
2° 24' 10" for 1829. If this rate should continue, we may soon expect the 
needle to point due north at Calcutta, after which, I suppose, it will con¬ 
tinue to move westward, so as to occasion a westerly declination. 


Observations of the Magnetic Declination made at the Observatory, Surveyor 
General's Office, Calcutta. 

TABLE IV. 


Date. 

Hour. 

barometer. 

Attached 

Thermometer. 

•o X 

0< V 

If 

i2 

North End of 
Needle. 

South End of 
Noodle. 

Mean. 

1829- 

H. 

M. 

Inches. 

o 

O 







o 

/ 

// 

May 2ld 

0 

25 P. M. 

29820 

95-8 

90-0 

2° 07' 

40" 

f° 08' 

80" 

2 

08 

050 


4 

42 

•768 

85-5 

850 


08 

25 

9 

10 

15 


00 

20 0 

24 th 

0 

15 A. M. 

•802 

88-8 

88-8 


08 

40 

2 

19 

40 


10 

44*0 



15 r. M. 

•780 

92-8 

94 5 


04 

25 

2 

11 

15 

2 

47 

50-0 

25 th 


25 A. M. 

-770 

90 0 

90-8 


06 

40 

2 

10 

40 


08 

40*0 



15 P. M. 

•718 

91-8 

950 

2 

10 

45 

2 

10 

50 


10 

27*5 



80 

•850 

95 0 

94 0 


07 

44 

9 

12 

10 


49 

55-8 

°flth 


05 A. M. 

•740 

89-7 

90-a 


12 

25 


14 

45 


18 

85*0 



80 P. M. 

•888 

95*0 

904) 


07 

05 

2 

10 

45 


48 

55*8 



18 

•804 

915 

98-5 


09 

84 

2 

14 

40 


12 

85*8 

27 th 


15 A. M. 

•704 

99-0 

90*0 


11 

85 

2 

11 

25 


19 

88*8 



1* r. u. 

•818 

•8-7 

94*8 


•7 

84 

2 

11 

15 


44 

22-5 



80 

•580 

94-4 

•8-4 


19 

14 

2 

18 

44 


11 

85-8 

28th 


14 A. M. 

•502 

88-0 

87-0 


49 

V 

9 

11 

24 


11 

225 



80 P. M. 

•548 

97*8 

97-5 


47 

10 

2 

08 

94 


47 

45-8 



01 

•580 

90*4 

90-0 


1» 

40 

2 

18 

14 


18 

55-8 
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INCLINATION AND DECLINATION 


1 





«e £ 









n 

Data. 


Hour. 

Barometer: 

£ B 

if I 

H 

11 

U 

H 

North End of 
Needle. 

South End of 
Needle. 

Mean. 

1829. 

May 19th 

H. 

9 

M. 

ns p. u. 

lnche*. 

29 022 

o 

PA-5 

0 

86-8 

2° 

OO' 

40" 

2° 

11' 

36" 

2 

/ 

10 

n 

37-5 


0 

10 

•588 

90*1 

91-5 

2 

00 

20 

2 

08 

65 

2 

07 

87-5 

SOth 

9 

45 A. M. 

•022 

*7 3 

88 0 

2 

08 

35 

2 

10 

55 

» 

09 

450 


0 

as r. * 

-612 

VI'U 

03 0 

2 

04 

15 

2 

10 

35 

a 

07 

100 


4 

15 

•546 


94 0 

2 

11 

45 

2 

14 

45 

2 

13 

150 

•1st 

9 

14 A. U. 

•050 

R5-0 

85 5 

2 

07 

55 

2 

11 

50 

2 

09 

52 5 


0 

17 P. M. 

■630 

85-5 

90 0 

2 

07 

30 

2 

12 

10 

2 

09 

530 

June lat 

9 

25 A. M. 

•630 

90 0 

90 0 

2 

00 

50 

2 

13 

00 

2 

09 

55 0 


0 

35 p. M. 

010 

91 3 

91 H 

2 

02 

20 

2 

06 

50 

2 

04 

35 0 


4 

20 

■530 

94 0 

94 5 

2 

01 

40 

2 

10 

45 

2 

07 

42 5 

2d 

9 

in a. m. 

■540 

8H-5 

89 a 

2 

OH 

50 

2 

12 

15 

2 

10 

32 5 


0 

17 P. M. 

•630 

04 5 

95-5 

2 

00 

25 

2 

OH 

40 

2 

07 

32 5 


4 

20 

•462 

too 0 

101 0 

2 

Oft 

2 » 

2 

13 

30 

2 

10 

1.7 5 

JW 

9 

60 A. M. 

•508 

86 0 

87 O 

2 

OH 

00 

2 

12 

40 

2 

10 

20 r 


0 

20 P. M. 

•504 

01 5 

02 5 

2 

05 

00 

2 

10 

00 

2 

07 

30 o 


4 

18 

•420 

92 5 

92-5 

2 

04 

2 r » 

2 

09 

35 

2 

07 

00 u 

4th 

9 

30 A. M. 

•400 

02 0 

93 0 

2 

OH 

00 

2 

11 

15 

2 

09 

37 5 


0 

20 p. m 

■470 

05-5 

95 5 

2 

05 

35 

2 

10 

10 

2 

07 

52 5 

5th 

0 

45 A. M. 

•488 

930 

01 0 

2 

Oi 

30 

2 

12 

4> r » 

2 

09 

07 5 


4 

20 p. m. 

•414 

1000 

100 5 

2 

12 

10 

2 

18 

10 

2 

15 

10 0 

0th 

0 

17 

•530 

96 0 

07 0 

2 

06 

30 

2 

12 

30 

2 

00 

00 0 

7th 

9 

10 A. W. 

•670 

87 0 

HH 0 

2 

11 

35 

2 

10 

20 

2 

13 

57-5 


0 

14 P. M. 

•070 

92-6 

93 5 

2 

08 

35 

2 

13 

15 

2 

10 

56 0 

8th 

9 

as a. ». 

•730 

91 0 

920 

2 

12 

25 

2 

14 

45 

2 

13 

35 0 


0 

25 p. M. 

•728 

960 

07 0 

2 

05 

20 

2 

08 

50 

2 

07 

05 0 

9th 

9 

25 A. M. 

•792. 

90-6 

91 0 

2 

08 

on 

2 

14 

00 

2 

11 

02-5 


0 

15 P. M. 

•778 

950 

060 

2 

03 

40 

2 

08 

05 

2 

05 

52-6 


4 

20 

■708 

1000 

101 5 

2 

04 

05 

2 

OH 

40 

2 

00 

22 5 


Needle, East of the true Meridian. 2° 09' 46" Mean. 

Add correction for Zero of Compass Box, . 14 24 

True Declination, Easterly, 


2 24 10 










II. 


ON A SPECIES OF 

AQUILA. CIRC^ETU S. 

AND 

DICRURUS. 


By Mr. HODGSON. 


I. 

Order Raptores. Family Fulconidu;, Stirps Aquilma. Genus Aquiln 
Species new ? 

Tliis noble bird, though not, by any means, the first, is yet amont> 
the first, of the Eagle Race, being fully two feet eight inches long, and 
six and a half feet wide, with weight, strength, and vigor m proportion. 

Above or along the ridge, the bill is, so far »s the cere extends, nearly 
straight, and also slightly flattened or depressed ; beyond the cere, it is 
(still above) sloped into the hook, and also acutely rounded. The bill is 
rather longer than the head, with a wide gape cleft beyond the centre of 
the eye. 

E 



14 


ON A SPECIES 


At the gape it has great breadth -which rapidly diminishes towards 
the hook; but still the lateral compression is no where more than slight, 
so that the sides of the bill have throughout a considerable convexity. The 
inner margins of the bill are entire. The lower mandible is rounded 
beneath, and slightly and obliquely truncated at its tip. 

The cere is large. The fore angle of the eye is the focus of a set of 
hairs which thence diverge, chiefly forwards, covering the cere as far as 
the nostrils exclusively. The rest of the cere is naked. 

There are a few hairs under the lower mandible : none at the gape. 
The nostrils are placed very forward in the cere. They are cleft trans¬ 
versely ^nd near to the perpendicular : in shape, like the outer margin 
of the human ear, which form I suppose to be that styled - lunation by 
Zoologists. 

The eyes have a strong brow, from under the shade of which they 
glance terrifically. 

The tarsi are short, very strong, and feathered to the toes. The toes 
are of moderate length, unequal, stout, reticulated, with two or three large 
scales at the roots of the talons. The talons are exceedingly strong, 
large, much hooked, moderately acute, flat within, and unequal, the bind 
one, and internal fore one being much larger than the central fore one, and 
still more so than the external fore one. 

The wings are long, reaching within three inches of the end of a tail 
that is upwards of a foot long. The great quills are strongly emarginated 
within—fourth quill longest The tail is moderate, even, consisting at 
twelve nearly equal feathers. The feathers of the head and neck are 
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narrow and pointed ; and many other of the body feathers tend to a 
pointed form. 

The colour is, superficially, of an uniform very pale brown with the 
great feathers—such as the largest scapulars, the quills, and tail feathers 
—uniform dark purpurescent brown. Upon a closer view, however, it is 
found that the great feathers above noted, are paled nearly to white at 
their extremities, especially the upper extremities, and chiefly on their 
internal surface—that in some of the secondary quills the brown and white 
are mixed in the marble-fashion—and that in some again the dark color 
appears in the shape of regular cross bars, particularly on the inner webs 
of the feathers. 

The down at the roots of the feathers is every where white; and the 
shafts of the feathers are white near their roots; elsewhere colored like 
the webs. 

The greater internal wing coverts are pure white, and the tail coverts 
(especially the internal ones) nearly so. 

The toes are yellow—the talons black—the cere and gape yellow, 
with a slight greenish admixture—the bill blue-black, with its baBal parts 
paler and blue—irides, brown. 

This species of Eagle inhabits that part of these mountains which is 
equally removed from the vast Himalaya on one hand, and the small hills, 
confining the plains of India, on the other. It is often seen in the great 
valley of Nep&l, and the sole specimen I have been able to procure, was 
obtained there. Its manners are unknown to me. 
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I have no doubt that the bird above described belongs to the genus 
Aquila of Vigors (Apud Shaw’s Zoology, XIII. 2, 15.) and I suppose that 
the slight depression of'the ridge of the upper mandible of its bill towards 
the base is what that writer means by the “ beak somewhat angular 
above" of his generic character. But “ nostrils rounded" of the same 
character much less accurately describes the nostTils of our bird, than the 
equally short and technical term “ lunated”—to which, however, I have 
preferred the comparison to the external rim or outline of the human ear. 

Whilst I notice this deviation from the generic character as laid down 
by the work I have followed, I may add, thatl conceive it to be unimpor¬ 
tant, and that the bird unquestionably belongs to the genus Aquila. The 
species is probably new; since it is not to be found among the nine 
described in the vast and recent work already frequently alluded to. The 
dimensions and weight of our bird are as follow ; 


Feet. Inches. 


Tip of bill to tip of tail. 2 8 

Bill, . 0 3£ 

Tail, . 1 0$ 

Leg, from hip to point of central claw,. 1 2 

Tarsi, ... 0 4 

Central toe and claw (in straight line}. 0 3§ 

Hind claw, ....... 0 If 

A closed wing,. 1 11 

Expanse of wings,. 6 

Weight. 7 lbs. 
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II. 

Order Raptores. Family Falconid®. Stirps Aquilina. Genua 
Circa;titus 1 Species new 1 ^ 

This compact, powerful, and well-proportioned bird, though con¬ 
siderably less than the true Eagle, just described, is yet more nearly 
akin in size fas ii. oilier respects,) to the aquiline stirps of the family 
of the Falconidre, than to any oilier stirps of that family. 

Having only the very slightest acquaintance with its mauuers, I am 
doubtful amid its slightly-marked characteristics as to its proper genus. 
But 1 shall endeavour to give so accurate a description of it as to leave 
no room for doubt in tlie minds of persons more versant with Zoology 
than myself. 

In Shaw, vol. VII. p. 157, pi. 22, a bird called Falco Bacha, is des¬ 
cribed and figured. The bird now before us bears a marvellous resem¬ 
blance to that bird in the colors of its plumage, in the shape and size ot 
its crest, and even in its general figure and proportions. But sb our bird 
is vastly larger than the Bacha and as that bird is ranged in Shaw’s 
Xllltli vol. under the genus Cymindis, scarcely any of the characters 
of which genus suit our bird, I have no doubt it must be distinct from the 
Bacha, and not finding h. any where in 8haw’s great work, 1 venture to 
describe it as what is probably new. The bill is as 1am as the head, 
scarcely cleft beyond the fore angle of the eye, and sJ less than moderate 
width at the gape. Its lateral compression is considerable, so that the 
ridge of the bill is acutely rounded and the sides of it have hardly any 

F 
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convexity. Beneath, it is obtusely rounded. Considerably beyond the 
cere, the bill, above, is straight; thence forward, regularly and gradually 
sloped into the curve of the hook—which latter is large and acutely 
pointed. The lower mandible is rounded beneath; and obtusely point¬ 
ed, or, I should rather say, obliquely truncated, at its tip. The inner 
margins of the bill are entire. The orbits and space between the eye 
and the bill are naked, save a partial covering of harsh hairs, or 
bristles, which diverging from the fore angle of the eye, tend chiefly for¬ 
wards, partially clothing the sides of the cere and curling upwards above 
the top of it. About the gape and lower mandible likewise are some scat¬ 
tered bristles. The nostrils are obliquely cleft, open, and of an irregular 
oval shape. The wings are long rather than moderate, and extend to 
less than three inches of the end of the tail, which is rather more 
than a foot long. They have the fourth quill longest, but the fifth almost 
as long ; and the largest quills are slightly emarginated. 

The tail is moderate, well rounded, consisting of twelve feathers. The 
tarsi are long, naked, reticulated, with the reticulation coarse. The toes 
are short, thick and fleshy, or gummy; the outer connected at the base 
to the middle one, as far as the first joint The toes are, besides, unequal; 
For though the lateral fores are nearly of equal length, the inner is stouter 
than the outer lateral, or even than the central one. The talons are stout 
and of fair, but not remarkable length, curvature, and acuteness. The 
hind talon and inner fore one are the largest, and are of equal size. The 
central one is as long but not so stout as they are: the inner fore claw, 
considerably smaller and shorter. The talons are flat within. The 
above description tallies essentially, as it appears to me, with Shaw's 
generic character of the Circseetus, with the single exception of “ nostrils 
lanated”—this bird’s nostrils being, rather at least, irregularly oval. 
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The back part of the bead is furnished with a few feathers of similar 
texture with the others, but somewhat elongated, and forming a sort of 
pendant crest. The feathers upon the body beneath are long, and have 
long discomposed webs. Such also are the thigh feathers. The rest of 
the plumes have no peculiarity. Most of them have ample webs and 
broad terminations. The top of the head and nape and crest are clothed 
with feathers, which are black from their tips nearly to their centres, 
white from their centres to their roots; and as the crest, though usually 
pendant, is slightly erigible, when erected, a small portion of the white part 
of the feathers is revealed and shows like a cross bar of white on the crest. 
The rest of the plumes on the bird’s upper surface are of a dark pur- 
purescent brown, which is darkest upon the lesser wing coverts, great 
scapulars, quills, and tail feathers. Most of the quills and tail feathers 
and upper tail coverts arc tipped with white; and the little wing coverts 
are doubly dotted with white near their tips. Upon the wings and 
tail is one broad distinct transverse bar, running entirely through them. 
Above this bar, there is another, parallel to it, on the great quills; and 
something like this second bar may be also brokenly traced along the 
secondary quills, as well as on the tail feathers. These bars shew 
wliiley-brown upon the superior surface of the quills—pure white on their 
interior surface. Upon the tail feathers, the lower and decided bar shews 
equally and fully white on both surfaces—but the upper and less distinct 
bar of the tail appears whitey-brown above, as is the case with the bars 
on the wings. Passing now down the inferior surface of the bird's body 
we note, first of all, that the eye-lashes, and bristles covering the sides of 
the eere, are black : the throat, black-brown ; the neck, same as above, 
but paler: the breast, belly, thighs, and tail-coverts, pale dirty brown¬ 
ish-yellow with either ocellatfons or bars, of pure white, edged with clear 
brown, disposed cross-wise down either side of each feather: the lesser 
wing-caverts, the same, but with a paler ground colour: the greater 
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coverts, regularly and equally crossed with white and black-brown 
throughout: irides, orange yellow: cere and orbits, and naked space 
between the eye and the bill, full clear yellow ; bill, leaden-blue, with a 
black hook : legs, obscure dirty yellow: habitat, same as the preceding. 

This species is said by the Nipalese to feed on fish. 1 myself have 
seen it frequently perched on rocks and trees, overlooking streams that 
weie full of fish. But I never saw it attempt to catch them. I have seen 
it seize pigeons, and one of my specimens had a small innocuous kind 
of snake taken out of his throat after he was killed. It ordinarily soars 
very high: and the male and female arc almost constantly together. The 
female dihers from the male chiefly, in having a smaller crest and less full 
bodied colours Proportions, size, and Height us follows: 

Tip of bill to ditto of tail, . 

Bill,. 

Tail. 

A closed wing, . 

Total leg (an before,). 

Tariua. 

Central toe BDd talon, . 

Weight 4 ^ Ibst 


Feel. Inches. 


.. 1 0 

•• 1 6 } 

. 0 Ji 

. 0 4 * 

.. 0 2 1 
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Order Insessores. Tribe Dentirostres. Family Laoiidae Genas 
Dicrurus. 

Dicruras coerulescens ’ 

Di. oeratus ’ 

Di. Indicus ’ 

Bill rather longer than the head, very smooth, stoat, nearly straight, 
at the gape broader considerably than high, base clothed with short 
quasi-setaceous feathers, and stout bristles, pointing forward and out¬ 
wards : both mandibles with their sides rounded and tips acute; upper 
mandible somewhat sharpened above or along the ridge; its edges 
somewhat overlaying those of the lower one; slightly dentated and hook¬ 
ed at the tip: lower mandible, rather flattened beneath, slightly emargi- 
nate and recurved at the tip. Gape rather wide, and furnished with 
bristles. Nostrils round, lateral, basal, partially concealed by short 
quasi-setaceous feathers. Legs rather short: four toes, three before, one 
behind; central toe and claw equal to tarsi; outer fore toe not quite so 
far cleft as inner; hind toe and claw stouter than central fore ones: 
claws very sharp and hooked. 

fFisgs long and acuminated. Fourth quill longest; first very insignifi¬ 
cant. Tongue flat, of moderate length, near the tip cartilaginous and jag¬ 
ged, tip forked. Tail very long and conspicuously forked; consisting of 
ten feathers disposed in pairs, whereof the uppermost pair are shortest, 
and lowest longest by one and a half inch; intermediate ones regularly 
graduated iq length. 


! Shaw, 13.137.8.9. 
Do. 7. 291. &c. 


o 
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The full-grown male bird .measures from tip of bill to tip of tail 
upwards of twelve inches, whereof the tail to its roots, is seven. The 
expanse of the wings is seventeen inches : when closed, and measured from 
shoulder-tip to point of longest quill, the length is nine inches. Bill to 
gape, is more than an inch long. The weight of the grown male is 
1 oz. 7 or 8 dr. The head and bill are somewhat large, but not dis¬ 
proportionately so ; and these parts, as well as the tongue and legs, 
have an extremely corvine character. Except an oval spot of pure white 
on each side the gape, the plumage is entirely black, richly glossed with 
deep blue, which sometimes shews green, especially on the wings and 
tail. The inner webs above, and whole inferior surfaces of the wings 
and tail are unglossed—every where else the gloss prevails. The bill 
and legs are pure black: the irides red brown. 

The female is nearly as large as the male. She differs from him in 
not being so deeply coloured and glossed above; and, in having the 
upper and under tail coverts, the internal wing coverts, the sides of the 
body, the breast, abdomen, and vent, spotted and shaded with white. 

The spots are very distinct on the inner wing coverts ; and the tail- 
coverts have their tips distinctly white ; but upon the body beneath the 
white is blended with the black, so as to form an iron-grey colour. 
The thighs of the female are immaculate black, like those of the' male. 

The young birds for some time resemble the female in plumage and 
even after they are fully grown, the young males long continue to shew 
more or less of white on their plumes, especially on the tail coverts. 
A spot of white is often seen on their breasts, and often on the tips of the 
tail feathers. 
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From a careful examination of several of these birds—males and fe¬ 
males— young and old, I am led to suspect that the three species in Shaw, 
referred to above, are only more or less accurate descriptions of one and 
the same species. The Laniidae of this work exhibit-according to 
Stephens’ new arrangement—a world of genera separated, 1 humbiy think, 
with more cunning than wisdom. But be that as it may, 1 trust that the 
accurate details now furnished from ample observations, will enable the 
future Ornithologist at least to give an accurate and full account of the 
Indian Jiliucliibig, and to determine » bother Shaw's three spe< ies be really 
distinct or not. 

The bird is found very generally througnout the vast Bengal presi¬ 
dency, and also in the mountains confining it on the east and north. It 
is very common in the valley of Nipal ; is familiar with man ; and seems 
to love the neighbourhood of country houses. 

It is monogamous, and associates usually in pairs—but live or six are 
»lways found in the same vicinity. It is capable of a very rapid forward 
flight, and when exerting its speed makes a loud whirring noise with its 
wings. Commonly it makes short jerking parabolic flights from and to a 
bare tree, whereon it. sits watching for insects and thence darts, as above 
described, to catch them on the wing. I have been told it will sometimes 
seize very small or young sickly birds—but never saw it do so: and its 
food undoubtedly consists, in the main, of insects, and chiefly of winged 
ones. It likewise feeds upon the vermin that barboilr in the skins of 
sheep and oxen ; and is constantly seen attendant upon herds and flocks, 
perched upon an animal's back, and searching the skin with its bill. 

It is very bold, frequently pursuing Crows and Kites, that come near 
its perch—and such is the rapidity of its flight that it can overtake ‘lie 
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Kite when he uses his best efforts to outfly it. When up with him it darts 
at his head continually from above—but never—so far as I have seen, 
actually strikes him. All birds seem afraid of it, and it of none. Ifis very 
vivacious, darting about all day, and all night too, when the moon shines. 
It seems to love dawn, twilight, and moonlight; and at such times especi¬ 
ally continually utters (one bird responsively to another) its agreeable 
whistling note of two prolonged syllables, which the Hindoostanies fancy 
they can frame into Bhuchdng; the Bengalees, into PUingah —and by 
those names accordingly, the bird is known to them respectively. Strange 
but true, its note is more pleasing than that of the vulgat Indian Bulbul! 

It nidificates early in June, in the branches of trees, making its nest 
neatly of small grass roots, and laying usually two or three eggs, which 
are white, spotted with deep crimson, especially at the broad end. Both 
sexes tend the young, and most assiduously feed and defend them. 

There is another Shrike found in the Nipaulese Teriii and moun¬ 
tains, and also in the great valley of Nipal, which bears a strong general 
—but not particular—resemblance to the one above described—but having 
already stated that the diagnostics of the modern genera of the lmniidae, 
are to my eyes very indistinct, I shall not attempt to assign its genus— 
but briefly describe it by comparison with the foregone. 

It differs in having the upper mandible of the bill laterally compress¬ 
ed, and also much more strongly dentated and hooked—in having the 
tail even at the end and the uppermost pair of feathers longest, the lowest 
pair, shortest; and in having twelve, instead of ten feathers, in the tail— 
and lastly, in having the shoulders of the wings united in a nearly straight 
line to the body from the second joint instead of descending in an acute 
angle towards the first joint. 



OF D1CRURUS. 


2. r » 


To these differences I should add that the tarsi are rather longer and 
smoother than in the foregone. 

The plumage too is totally different, am. is as follows. The top of 
the head, dorsal neck, upper part of the back, and scapulars (besides hav¬ 
ing looser and more elongated webs than in the foregone) are slaty blue. 
A broad line of perfect black passes round the base of the upper mandi¬ 
ble through the eyes to the sides of the neck. The throat, cheeks below 
the eyes, and centre of the breast and belly, thighs, internal wing coverts, 
and inner margins of the quills, on their internal surface, white. 

The sides of breast and belly, and the lower pan of the back, the 
upper and under tail coverts, and outer margins of the lateral tail feathers 
near the body, are pale clear ferruginous—the wings and tail dusky, the 
former with the outer margins of all the feathers, but the great quills 
longitudinally striped with rufescent white, and the latter with all its 
feathers tipped with the same colour. 

This bird is also somewhat smaller than the other, measuring only 
in extreme length nine and half inches, whereof the tail, to the- roots, is 
five inches. The tail therefore is as long in proportion us in the fore¬ 
gone ; and it must be obvious from the above description of it that, when 
slightly expanded, it is wedge-shaped. The irides are dull brown : t^e 
legs and bill are black, as in the foregone; and I need hardly add—hav¬ 
ing already asserted the general resemblance of the birds—that the bill, 
tongue, nostrils, legs, wings, and tail, are alike in form and proportions, 
saving the difference 'specifically noted. 

This bird is much rarer and shyer than the other, and I have had no 
sufficient opportunities of observing its manners. 

H 
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The female of this species is rather less than the male. Her colours 
are all duller. She wants the black zone round the base of the upper 
mandible of the bill. Her breast and sides of her body are crossed with 
small crescents of a faint dusky hue: and the base of her bill is paled 
nearly to fleshy white. In all other points she resembles her mate. 


Valley of Nepal, June, 1829. 
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GEOLOGY OF CENTRAL INDIA, 

EXCLUSIVE OF MALWA. 

By JAMES HARDIE, Esq. 


READ THE 8th OF APRIL, 1829. 

In the following Communications I have endeavoured to convey a general 
idea of the Geology of Central India, in the hope that, as opportunities 
occur, 1 shall be enabled to fill up the slight sketch now offered, by mi¬ 
nuter descriptions of individual portions of this extensive tract of country. 

Nomenclature adopted in this paper .—Before describing the rocks ol 
this district, it will be as well, to prevent confusion, that I should explain 
the nomenclature which I have adopted.—A looseness in this respect has 
been an endless sourep of confusion in the science of Geology, many 
different names being applied to the same rock by different observers, and 
it is greatly to be wished that some specific plan should be had recourse 
to. As the case now stands, I shall simply endeavour to make myself 
understood. 



28 


SKETCH OF THE 


I propose including all the rocks which occur in this district under 
the following heads, viz: 


Granitic rocks, 
GneisB, 

Quartz rocks, 


Micaceous schist, 
Chlorite ditto, 
Talcose ditto, 


Argillaceous, 
Hornblende rocks, 
Greenstone, 


Serpentine, Marble, and Porphyry. 

Under the head granitic rocks shall be included those only which 
have not a slaty structure, and which are composed of two or more of the 
following ingredients ; viz. quartz, mica, felspar, cleavlandite, hornblende, 
and occasionally steatite, talc, and chlorite. The only exception to this 
rule will be found in some varieties of rocks, in which hornblende pre¬ 
ponderates, and which shall be placed under the head “ hornblende 
rocks.” 


Stratified, as well as unstratified, rocks, shall be included with the 
granites, as every one who has visited this district must allow that distinct 
and well-marked granite does occur in strata ; and I am compelled to 
state this in opposition to the high authorities of Macculloch and 
Phillips. Mr. Phillips allows (see Outlines of Geology, p. 164,) that 
granite is sometimes found disposed “ in beds which possess the ordinary 
characters of stratificatioyi" and Da. Macculloch, in support of his 
opinion, (see Journal of Sciences and Arts) is obliged to account for 
the adduced instances of stratification in this rock, by declaring that 
“ they may all be referred to laminar concretionary structure on tne 
large scale,”—or that the instances alluded to are “ portions of gneiss of 
which the structure so often becomes perfectly granitic,' or lastly, that 
they are “ veins of granite traversing tne gneiss in directions parallel to 
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the strata.” I trust I shall be excused if, in describing gneiss which 
perfectly resembles granite, I shall include it with the granitic rocks. 
Their constituents are exactly the same, and the distinction does not 
appear to me very clear or obvious. In as far as this district is concerned, 
the Wernerian School, at the head of which deservedly stands Jameson, 
is certainly in the right, and the name and authority of this distinguished 
Geologist will excuse what might otherwise have been deemed presump¬ 
tion in me, in thus stating my opinion in opposition to the authorities 
before alluded to 

There are a number of rocks in this district composed of two ingre¬ 
dients, generally quartz and felspar. These most frequently are found 
stratified—to class them with the porphyries, therefore, might lead to con¬ 
fusion, and this latter term shall be applied to those only which are not 
stratified, and which have a distinct porphyritic structure. Indeed this 
rock, so understood, is of very rare occurrence in this portion of India.— 
Besides, the rocks under consideration do not resemble the porphyries, on 
the contrary, they agree in every respect with the granites ; and all things 
considered, 1 think it advisable to class them with the granitic rocks—such 
a classification is in exact accordance with Dr. Macculloch's definition 
of granite, which definition I have adopted; and I have only added to his 
list of constituents “ cleavlandite,' which, according to Phillips, is of 
universal occurrence in rocks of this class. I cannot say that I am pos¬ 
sessed of any correct method of distinguishing cleavlandite from felspar. 
Indeed the only method I know is that of analysis—an analysis which, 
wifh my limited apparatus, I find it difficult to conduct—I have frequently, 
however, observed what I have been in the habit of considering as two 
distinct varieties of felspar in different granitic rocks, and I have no doubt 
but that one of these is the cleavlandite. 


i 
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In describing the various individuals of this class, different adjuncts, 
illustrative of their composition, shall be used, and in this view of the 
case, the granitic rocks may be divided into the following varieties: 

First .—Granites composed of three ingredients. 

a. —Common Granite—composed of quartz, felspar, and mica. 

b. —Sienitic Granite—composed of quartz, felspar, and hornblende. 

c. —Talcose Granite—composed of quartz, felspar, and talc or steatite. 

d. —Chloritic Granite—in which chlorite replaces the mica. 

Second .—Composed of four or more ingredients. 

a. — Micaceous Sienitic Granite — Sienitic granite, with the addition 
of mica. 

b. — Talco Sienitic Granite—the same as the above, the mica being 
replaced by talc or steatite, &c. &c. See. 

Third .—Granites composed of two ingredients. 

Under this head shall be included rocks, which might perhaps be 
classed with the compact and granular felspars. The term white stone , 
applied to the latter by Werner, is not well adapted for this rock, as it 
frequently occurs in this district.—Names derived from color, are always 
objectionable, and, as this reck is here found more frequently of a red¬ 
ish color than of any other, I prefer giving it the name of granite, more 
especially as some other ingredient is almost universally associated with 
the felspar, whether compact or granular, and these pass into, and are in¬ 
timately connected with, the granites—when they occur pure, the circum¬ 
stance shall be mentioned. I do not feel myself called upon, or at all 
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qualified to give a particular name to this class of rocks, and in describ¬ 
ing them, 1 shall merely state their composition; as for instance, “ a 
granitic rock composed principally of reddish colored felspar, with minute 
scales of mica interspersed through its substance”—stating the relative 
proportions of the ingredients to each other, &c. &c. Several rocks com¬ 
posed of felspar and quartz, and which were alluded to above, shall also 
be placed under this bead, and these are either large or small grained, &c. 
The term granitic porphyry might, perhaps, be applied to the latter. 

Gneiss.— Gneiss, as it commonly occurs, requires no definition, and 
the only other varieties which I have observed in this district are— First. 
A gneiss in which the mica is replaced by hornblende, and to which 
I have applied the name of sicnilic gniess :—and Second. A gniess in which 
the mica appears to be replaced by chlorite. To this last, the term 
chlorilic gniess may be applied. 

Quartz Rock.. — 1 have, perhaps, placed a greater variety of rocks 
under this head than I ought to have done. The immense beds of quartz 
rock, however, which present themselves in this district, form a very 
striking feature in its Geology. From the pure white semi-transparent 
quartz, to the more slaty varieties, where it passes into micaceous and 
argillaceous schists, there is a regular gradation observed, and I cannot help 
thinking, that one general name ought to be applied to the whole series. 
It occurs either stratified or unstratified. The former, pe-haps, where it 
passes into the argillaceous schists, ought to be named flinty slate. I 
prefer, however, retaining the name of quartz rock, as the other might 
lead us to confound it with a more recent formation, in which the flinty 
structure, as commonly understood, is a characteristic feature. When 
any individual of this class passes into any particular rock, the circum¬ 
stance shall be mentioned, while the more compact varieties of argillaceous 
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schist shall be named siliceo-argillaceous schists. The term primi¬ 
tive sandstone, adopted by Dr. Macciji.i.och, I have not made use of, 
from a similar objection to that stated above regarding the name, flinty 
slate. I shall simply describe the different varieties of quartz rock as 
they occur, stating their color, structure, &c.—and under this head, I 
shall include all those apparently simple rocks, which arc principally 
composed of silica. Small proportions of other ingredients may be as¬ 
sociated with this, but the name quartz shall be retained as long as they 
preserve an apparently homogenous structure .—Quartz rock, as I have before 
staled, of almost every variety of structure, occurs in this district, asso¬ 
ciated with all kinds of rocks, such as micaceous and argillaceous schist, 
granite, &c. In all these it occurs pure, and is also seen passing into 
them, and acquiring different shades of color from intermixture. This 
circumstance alone presents a great objection to the division of the rocks 
of this district into submedial and inferior orders. 

Homstone, is a name applied by Captain Dangf.rfif.ld* to many of 
the quartz rocks of this district:—this name might lead us to confound 
them with the hornstones of the trap formation, with whicl they have 
nothing in common. Besides, he has given this name to two rocks of 
rery distinct and different series; viz. to a rock associated with those of a 
iecidedly old class, and to another, which overlies the sandstones and 


* Since writing the above, I have heard with sincere regret, that this Scientific Officer is no 
core—and I cannot resist the opportunity of paying my humble tribute of admiration to Itis me- 
nory. We cannot be too grateful to him for the iight he has thrown on the Geology of Central 
indie, at a time, too, when Geological Science was less understood and less cultivated than at the 
,resent day ; and in this expression of my individual feelings 1 know 1 shall be joined by all who 
ake the least interest in scientific pursuits. The rough copy of this paper was drawn out before 
he melancholy intelligence reached me, and I have not deemed it necessary to make any alteration 
n it, as to substitute the past for the present tense, lta a climate like this, how short the space 
rliich separates life from the grave. 
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sandstone slates of the north of Malum. The latter is universally asso¬ 
ciated with a breccia, contains iron ore in large quantities, and some¬ 
times assumes the appearance of a nearly pure or ferruginous quartz 
rock. Mr. Phillips, in describing primitive sandstone, which he classes 
with the “inferior rocks,” says (p. 158, Outlines of Geology,) that “de¬ 
tached fragments of gneiss and clay slate occur in it,” the clay slates are 
classed with the “ submedial rocks.” In this case, however, the clay slates 
must be of more ancient formation than the primitive sandstones, on which 
they are found imbedded—Another strong objection to his classification. 

Micaceous, Talcose and Chlobitic Schists.— These require no 
definition—they are found passing into, and alternating with each other, 
and into other rocks. 

Argillaceous Schist. —This name, adopted by Dr. Macculloch, 
from the French, appears to me ap' and comprehensive, and by it I 
mean to indicate all those rocks which are usually included under the 
heads “ clay slate” and “ grey wacke slate.” Many of the argillaceous 
schists of this district approach to the nature of grey wacke slate, as 
commonly described. The transition from the one to the other, however, 
is so gradual, that the more I have seen of these rocks, the more I have 
been convinced that one general name ought to be applied to the 
whole. The nature of each variety of argillaceous schist will, of course, 
be described, and different adjuncts derived from their external charac¬ 
ters, &c., made use of; such as—micaceous, talcose, cbloritic, siliceo, 
argillaceous, wackaceous, friable, sectile, &c., and when they approach to, 
or pass into, any particular rock, this also will be mentioned. 

Hornblende Hocks. —This will include hornblende rock and horn¬ 
blende slate. Some of the varieties of hornblende rock might be 

K 
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included with the granites composed of two ingredients, inch an arrange¬ 
ment, however, would separate them from the pure hornblende rock as 
well as from the hornblende slates, with both of which they'are inti¬ 
mately connected, and would only lead to confusion. All rocks, there¬ 
fore, in which hornblende preponderates, shall be placed under this head. 

Gbeenstones.— Including greenstones and greenstone slates, or 
schists. Under this head will be placed only those rocks which resemble 
the greenstones of the overlying trap formation, and which have a more 
homogeneous and earthy aspect than the hornblende rocks. The more 
distinct varieties of greenstone slate only shall be included in this class— 
the more indistinct with the argillaceous schists—the phrase approaching 
to greenstone slate being prefixed. 

Sehfkntine. —This requires no definition. Mr. Phillips states, that 
serpentine, which he classes with the submedial rocks, occurs also asso¬ 
ciated with gneiss and mica slate. 

Mad ble.— 'This will include primitive limestone and primitive dolomite 
—with these mica, and occasionally other ingredients, may be associated. 

Porphvuv.— I have before stated that this name shall be applied only 
to the well-marked varieties of this rock which occur unstralified. Indeed 
the porphyries of this district, may generally be classed with the granites, 
&c., in which case the term porphyritic shall be prefixed. 

In the above 1 have only availed myself of names already in use, 
and 1 have avoided, as much as possible, having recourse to those end¬ 
less distinctions, depending on minute shades of difterence, which are 
more in the province of the Mineralogist than the Geologist. If I can 
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succeed in making myself understood, it is all I hope for. In describing 
the newer classes of rocks, I shall endeavour to follow the arrangement of 
Conybbabz and Phillips, an arrangement distinguished at once by its 
simplicity and accuracy; but, till the second part of their Geology of 
England appears, to which every Geologist must look forward as the fu¬ 
ture text-book of his studies, I must content myself with giving as 
minute a description of the rocks of this district as I can, so that any one 
who undertakes the task of drawing out a general Geology of India shall, 
I trust, be able, from these descriptions, to class and arrange the different 
rocks alluded to, after any system which he may chuse, and that the work 
which has been so ably begun by Mr. Calder, shall soon be finished. 

In the above arrangement I have included only the rocks of the 
district in which I am placed, in as far as I have had an opportunity of 
examining them ; but I by no means wish it to be understood from this 
that no other varieties of rock occur in the extensive tract under consi¬ 
deration.—Such an assertion, the opportunities I have had of examining 
it do not entitle me to make, and I shall reserve to myself the privilege 
of adding to the number when occasion shall require. 

Probable limits of the primitive formation of Central India. 
—I shall now proceed to offer a few hints relative to limits of the great 
primitive formation under consideration —1 am sorry that most of my 
remarks on this head are merely conjectural; I offer them, however, 
with the hope that they may prove useful to future observers, and that 
their correctness or incorrectness will soon be satisfactorily proved. 

This tract, then, includes within its limits the northern part of 
Guzerat, the greater part of the district of Bayur —the districts of 
Serul — Mewar—Alarwa r — Ajmer —and Jay pur —with, probably, portions 
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Danqerfif.ld in Malcolm’s Central India. I hare had but few opportu¬ 
nities of examining it; besides, to enter into particulars would be out of 
place in my present communication, and I may, perhaps, hereafter recur 
to the subject. I cannot refrain, however, from giving the following few 
particulars, as they may serve as hints to any one who may hereafter 
examine this formation. 

Proceeding from Urlai/jiur to N'miac/i directly east, we have a 
succession of primitive rocks till we reach Nakum, a village about thirty- 
six miles west of the last-mentioned cantonment. At Nakum , and for 
a short distance to its east, we have still primitive rocks, but embedded 
in these we observe the first indications of an approaching newer form¬ 
ation. The lulls at Nukum. which are craggy and precipitous, are 
composed of quart* rock of a white color, traversed by numerous seams 
and cracks, but which is nearly pure, and is arranged in strata conform¬ 
able to the other primitive rocks of this district. In this quartz are 
small belts of a ferruginous variety of the same rock, of a dark yellow 
color, and approaching to the nature of jasper; and embedded in it. 
also in small quantity, is a quartzose conglomerate, which is the first 
indication we meet with in travelling east of a rock of this nature.— 
Alternating with the above, and in strata similarly arranged, is a rock 
composed of white quartz and red felspar, exhibiting a porphyritic struc¬ 
ture, the basis being of felspar—some of the specimens present a partially 
conglomerate appearance. The general structure of the rock, however, 
is granular porphyritic ; and in conformity with the arrangement which I 
have adopted, I must class it with the granitic rocks as a granitic porphyry. 

Proceeding to the east of this formation, we have the surface 
generally covered witli soil and vegetation, and numerous low rounded 
and conical hills are seen rising around us. The country, too, has a 
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waved appearance different from the perfectly level plains of Mewar, 
and the hills rise less abruptly. On reaching Bari, thirteen miles west 
of jNtmach, these hills increase in number, and a low range traverses 
the line of march. We have now got among rocks of a newer formation, 
which form a portion of the narrow belt above alluded to. 

The lowest series of this belt consist of sandstones, sandstone slates, 
and a schist, which on one hand passes into sandstone slate, and on the 
other somewhat resembles the shales of the coal formation, and which pas¬ 
ses into an argillaceous marl slate—the sandstones are, generally speak¬ 
ing, quartzose, fine grained, with an argillaceous, or ferrugino-argilla- 
ceous cement. The characteristic color of these sandstones is variegated 
—some are of a reddish color with white spots, and others are white or 
grey with reddish spots, while others again exhibit a zoned aspect. 
This rock is either compact, or passes through every variety of structure 
till it becomes nearly soft and friable. It is sometimes too, though rarely 
so, large grained, approaching to conglomerate. 

The sandstone slates differ little from the above in point of color, 
but they have a distinct slaty structure, the slabs varying in thickness 
from two inches to quarter of an inch, and some of them may be even 
split into lamina as thin as common paste-board. Both of the above 
rocks, but more particularly the sandstone slates, are traversed in very 
many instances by numerous seams, running at right angles to the strata, 
and dividing the mass into a number of square and rectangular por¬ 
tions Mica is of very abundant occurrence on the sandstone slates, it 
is always of a grey color. 

The shales and argillaceous marl slates, into which the last passes, are 
also of a variegated color At Bari, they are of a greenish grey color. 
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sectile, with rather a greasy feel, fine grained, and containing minute 
scales of mica. They acquire a reddish ferruginous crust on exposure 
to the air. In other situations they are fawn-colored—in others whitish, 
or light buff, with streaks of a purplish color,—in others they approach 
to the nature of pipe-clay, with a distinct Blaty structure—while in others 
they resemble a fine grained sandstone slate. Iu these we also observe 
the seams, above described, which run at right angles to the strata. 

The above series of rocks occur in strata, generally slightly inclined 
to the S. E. and £. Sometimes, also, the strata are almost horizontal, while 
at others they exhibit appearances of a curved or saddle-shaped stratifica- 
ton. The hills arc all low, and are topped by a rock hereafter to be 
described. Orgunic remains appear to be of very rare occurrence in this 
formation, and 1 have only met with one specimen from the neighbour¬ 
hood of Bari. It occurred in a soft shale, somewhat resembling the 
shales of the coal measures. The specimen in question appeared to me, 
to be the impression of a portion of a cryptogamous plant. This plant 
appeared originally to have been expanded in a fan-like form, with ribs 
of about quarter of an inch in breadth, radiating from a common centre, 
the interior or central part of these being occupied by three or four longi¬ 
tudinal tubes. The diameter of this plant, or fan-like portion of a plant, 
might have been about five and half inches. The impression appears to 
have been covered with a thin bituminous crust, portions of which still 
remain. Except this, I have met with no other appearance of organic 
remains. Captain D.ingermeld mentions the occurrence of impressions 
of ferns, in a fine-grained sandstone slate, at Jiran, and it is probable 
that the rock in which these occur is similar to the one just described. 

With regard to the age of the above formation, 1 am inclined to be¬ 
lieve with Captain Danuerfield, that it ought to be classed with the 



GEOLOGY OF CENTRAL INDIA. 


41 


new red sandstones, (the red marl or ground of the English Geologists.) 
To the character of variegated, the sandstones, &o. are undoubtedly 
entitled, and the red ferruginous appearance of the soil, which is univer¬ 
sally observed, is also characteristic of the above formation. Indeed the 
whole appearance of the rocks composing this series, is in exact accord¬ 
ance with that of the new red sandstones as described in Europe. The 
great characteristic of this formation is, however, as far as 1 know, 
wanting —1 allude to the rock salt and gypsum, which are almost univer¬ 
sally found associated with it. These certainly occur to our north, but 
a large primitive district intervenes, and the only indication which 1 have 
seen of salt is an efflorescence which occasionally appears at the surface, 
containing a large proportion of muriate of soda.* All things considered, 
however, 1 perfectly agree with Cantnin 1). in classing these rocks 
with the new red sandstones, and 1 shall uot be at all surprised, if future 
observations should discover them to be a continuation of the saliferous 
sandstone formation described by Captain Fiivkkun, and that they may 
be traced through tile Jifturalpttr district, north towards lichli , and may 
thus be connected with the rocks containing salt and gypsum, which 
must occur to the north of Ajmer, and be continued into 1. June, Mu/lan, 
A.c. south towards Kulcli, extending, perhaps, even into 1‘ersia, and 
forming a zone around the great and cle.uted primitive formation of 
Central India, and separating it from the primitive formations of the 
lliiniilmja mountains. Traces of a formation, similar to the one above 
described, 1 have also noticed on the route from Jiaroela to l iltii/jnir. 

The very partial occurrence of organic remains oil the aboii' series 
of rocks, ought not to militate against the position 1 am endeavouring to 


* Si'c Ni't' Is ||.!-C .11. 
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establish. These are -very rare, and besides it is not impossible that the 
shales in which these occur, may belong to an older class similar in posi¬ 
tion to the rocks of the north of Germany, (sec Conyblare and Phillips, 
page 311 ,) which overly the coal measures. I have never seen any traces 
of them in the well-marked sandstones or sandstone slates. 

Excepting in iron, the above series does not appear rich in metalli¬ 
ferous substances, neither have I met with any variety of simple minerals 
in it. 1 have occasionally seen, however, specimens of a fibrous variety 
of quartz disposed in small veins, or rather latninie, interposed between 
the strata; and Captain 1). mentions the occurrence of a “fai yellow 
clay," embedded in the sandstones. 

The next rock which claims our attention in the above series, is the 
limestone on which this licit abounds, especially towards the north. I 
have little to add to the description of its external appearance, mode of 
occurrence, Kc. as given by Captain Danoerfilld ; and, if i shall have 
occasion to dtilcr from him respecting the age of this rock, 1 shall do so 
with all humility, fully aware as 1 am of the difficulties attending this 
branch of my subjei t. It is not improbable that two distinct varieties 
of limestone may oc< ui in tins belt, the one belonging to the mountain 
limestone formation, in which class Captain D. seems ini lined to place 
all the calcareous rocks of the portion ot the district under consideration ; 
but the one which I am about to describe orer/ni the sandstones and 
sandstone slates, and 1 feel disposed to believy that it belongs to tin 
liat formation. Perhaps, too, in addition to the. above, there mat hi a 
formation of magnesian limestone of the English Geologists in the 
magnesia limestones described by Captain D. On this point, however, 
1 can give no information, as I have only met with one variety character¬ 
ised in every position, where I huve had an opportunity of examining 
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it, by a similarity, or rather identity, of organic remains. As I said before, 
however, the opportunities which I-have enjoved of making observations 
on this belt, have been very limited. 

These limestones, then, occur distinctly stratified. They are of a 
close texture, and of*a dull color, generally greenish bine or lead grey— 
sometimes, too, they have a reddish tinge,—in other instances they are 
dirty white, while in one situation I have seen them of a brownish black 
color, and these latter emit a disagreeable smell on being rubbed. They 
never occur variegated, nor do they admit of a high polish, or of any depth 
of tint. On exposure, the surface acquires a duller aspect, and becomes 
slightly argillaceous. They are, generally speaking, compact, and many 
of them may be split into slabs of immense magnitude, varying iu thick¬ 
ness from a few inches to a foot or a foot and a half. They form an 
excellent building stone, and are characterised by their large eonchoidal 
fracture v> hieh passes, in many instances, into eonchoidal splintry. 
These limestones sometime, though rarely so, are found larger 
grained. They occur in strata, generally slightly inclined iu an east¬ 
erly or south-easterly direction. Exceptions to this rule may here 
and there be observed ; but it is my object in this merely to give a 
general description of their mode of occurrence, without descending to 
minute particulars. The strata are very frequently separated from each 
other by thin layers of a loose calcareo-argillaceous substance, and 
nothing like the caverns, which usually distinguish the mountain limestone 
formation, can be observed in the rocks of this belt. 

The Organic Remains of these limestones are numerous ; but I am 
sorry that my limited information on this subject will not enable me to 
give as satisfactory an account of these as 1 could wish. Though 
a miserable Draftsman, I have endeavoured to represent one or two 
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of the varieties, if possible, to render my descriptions more intel¬ 
ligible. 

No. 1—May be oonsido-ed as characteristic of this formation, and 
specimens, exhibiting the appearances attempted to be represented, arc 
every where met with. On breaking a mass of this rock, we very gene¬ 
rally observe that the surface presents the remains of what might have 
been a succession of cylindrical-convex,—probably solid bodies,—one 
fragment exhibiting these on a sort of baso-relievo, while the other pre- 
sentscorresponding hollows. These bodies taper to a point, and frequent¬ 
ly occur minutely ramified at both extremities—this, at least. I have ob¬ 
served in several instances. They are perfectly mineralised, tire of the 
same color as the mass, on which they appear generally as an incrust¬ 
ation. In one or two instances, however, 1 have observed the terminations 
of similar bodies on tiie mass itself, and in such cases they had obvi¬ 
ously been arranged in bundles or fasciculi. In other instances, these 
cylindrical bodies appear to send off, anastomosing branches which 
unite them together. The latter may probably be a distinct variety. 
All of the above have a perfectly stony aspect, and I could discover on 
them nothing like a stellular structure, or any appearance of colls or 
pores. The length of these cylindrical bodies varies from about a foot 
to an inch or two inches—their breadth is also various, but they seldom 
occur broader than in the instance represented. 

In one or two instances I have also observod longish tapering canals 
in the masses of limestone, which had obviously been occupied by cylin¬ 
drical bodies. These, at the time of deposition of this rock, had either 
been detached from the bundles above alluded to, or had previously 
existed in a separate state. The latter I think the most piobable. Could 
any of the above have formed the solid axis of any of the varieties of the 
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lamellated polypifers 1 some of the detached specimens somewhat resemble 
the styliform axis of the genus stylina. 

No. 2—Is also exceedingly common in these limestones, and I 
believe that at least two varieties of it may be traced,—probably, indeed, 
more. The one is a flattened, polymorphous, lobated, mass—some¬ 
times seen covering the rock, over a square surface of a foot, or a foot and 
a half, and even more. No. 2 is detached, generally of the size repre¬ 
sented, and it protrudes from the mass something in the form of a pear. 
It lias a stalk like appendix. 

The above remains occur protruding into the calcareo-argillaceous 
substance described as separating the strata. In the solid rock, the 
traces of them, if perceived at all, are very indistinct, a circumstance 
probably owing to the delicacy of their original structure. The rounded 
and lobated masses, indeed, appear to terminate abruptly on the side 
towards the solid strata, and their whole aspect gives rise to the belief, 
that during the deposition of these strata, short intervals occurred,—that 
the remains at their surface were left partially exposed, and that the infe¬ 
rior positions of these were lost in. the solid rock, while their superior 
were, by this arrangement, more slowly impregnated with calcareous 
matter, which enabled them, on the deposition of the superjacent stratum, 
to retain something of their original form,—and that, in consequence ef 
the delicacy of their structure, almost all traces of organization were 
destroyed. The interior of these remains presents, in many instances, 
a pure white crystalline mass, exactly similar to the finer varieties of 
primitive marble,—in other instances they have a loose, inclining to 
chalky, structure, and they are generally covered with a brownish crust, 
the centre being either pure white or dirty white, and rarely of the color 
of the limestone itself. 

N 
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It is always exceedingly difficult to refer organic remains of this 
class to any particular genus. I am inclined to believe, however, that 
these form varieties of the alcyonium, and perhaps some of them ought 
to be classed with the sponges. In many of them I could trace appear¬ 
ances of a cortical covering , and in one or two instances, especially in those 
which occur detached, I think I could discover something like a con¬ 
centric laminar structure. This appearance is only observed at their sur¬ 
face, and might have been occasioned by the original animal having had 
a cortical covering —nothing like fibres could be perceived;—the above cir¬ 
cumstance, however, inclines me to include them in the class alcyonium. 

No- 3 Is occasionally met with, but is not so common as either of 
the two preceding. The accompanying sketch will give a pretty cor¬ 
rect idea of the remains of this kind, both as to their size, form, and 
mode of occurrence in the limestone. They occur, then, in the solid 
ro °k> are perfectly mineralised, and are of the same color as the 
limestone. In specimens where this limestone has a structure in¬ 
clining to granular, the remains of this kind exhibit a closer 
and more compact texture than the surrounding matrix. They ap¬ 
pear to have formed the ribs of some animal, probably of aqua¬ 
tic origin. The vertebral extremity is flattened about seven-eighths of an 
inch in breadth, and the whole is slightly curved, and tapers to a point. 
The pointed sternal extremity does not seem to exhibit an articulating 
surface. It is thicker than the vertebral extremity, and a sharp spine 
runs from the point of about two inches in length, from which spine the 
bone had sloped on either side. 

The only other organic remain which I have observed, i 9 a shell; but 
in so imperfect a state, that I cannot decidedly say under what genus it 
ought to be included. It had obviously been a bivalved shell; but little 
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except the margin of one of the valves remains, and I can only state the 
following particulars ; viz. that it belonged to an apparently nearly equi¬ 
lateral bivalve of a roundish form, about three inches and a half in width. 
That this bivalve was convex, inclining to flat, and that it was longitudi¬ 
nally rayed, the rays being convex, broadish, and striated longitudinally. 
The hinge portion of this shell was wanting. It appears to have had 
considerable thickness and strength, and in all probability belonged to a 
variety of Pecten. The number of rays could not be correctly ascertained : 
their breadth was about two-eighths of an inch. 

The above is all the information which 1 can give relative to the 
organic remains of these limestones, as I have, as yet, met with- none 
other, except, indeed, the impression of what every one who saw it, be¬ 
lieved to have been that of a small flaltisli fish. It was about three inches 
in length, audits broadest portion was about one inch and a half. Though 
the resemblance was certainly striking, so many characteristics were want¬ 
ing, that 1 mention it merely in this hurried way. I was rather myself in¬ 
clined to consider it as the impression of one of those polymorphous bodies 
before described, and which assume a great variety of shapes and forms. 

The above limestones do not appear to contain any metallic veins, 
or, indeed, many mineral veins of any kind. I have met with veins of 
calcareous spar in some of them, more especially in the brownish blaok 
variety before alluded to, but even this is rare. The general structure of 
the rock is that of a uniform, fine grained argillaceous limestone, the sur¬ 
face of which, in many instances, exhibits a dendritical appearance, and the 
quarries of this rock have, in the distance, a zoned aspect. 

The absence of metalliferous and mineral veins, &c. and of the 
caverns and fissures which generally characterize the mountain limestone. 
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would appear to distinguish the rock in question from the rocks of that 
formation, and all things considered, I feel inclined to believe that it is 
a lias—or, at least a formation nearly allied to the lias. Its position 
leads me to draw this conclusion, and there is nothing either in its 
structure, mode of occurrence, or organic remains, to militate against such a 
supposition. The Pecten is a shell of the lias, though certainly not a 
characteristic one. 

The formation I have just described never rises into hills, but is some¬ 
times seen occupying gentle elevations: the surface of the country 
where it occurs having a waved aspect. At Chcelore, the strata of this 
rock are much disturbed, and in other situations I have seen similar 
appearances. 

We shall now proceed to describe very briefly another rock which 
occurs in the belt under consideration ; viz. the quarlzose breccia, before 
alluded to, anil to which Captain Danoehfield has applied the name of 
hornstone. This belt exhibits numerous low rounded hills, hill groups 
and ranges, —some of the last of considerable extent, more especially the 
one which forms the boundary of Meytoar and Ilarowtec. These hilts 
do not rise higher than three hundred feet above the level of the plain, 
and the majority of them average below this height. Their upper por¬ 
tion is formed of this quartzose breccia, which rests immediately on the 
sandstones, sandstone slates, &c., which rocks form the base, and very 
generally the central regions of these hills and hill ranges. This brec¬ 
cia I have never seen in low situations, or resting on the limestones. 
The shape of the hills is sometimes conical. This is particularly the 
case with detached hills and groups, hut the ranges generally exhibit an 
even, and uniform appearance, and the summit is occupied by n table land, 
Jr a gently waved plain. Some of the detached hills also present this 
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shape, an excellent example of which we have at Chilor , the ancient 
capital of this country, which is situated on an isolated hill nefcr the 
boundary range before alluded to. 

The slightly waved plain, occupying the summit of the hill on which 
this ancient city stands, or rather stood, for it is now in a complete state 
of ruin, is said t<> he about fourteen miles in circumference. Its length 
is six miles from N. to S.; its breadth varies from quarter to half a mile 

This breccia passes into a variety of quartz rock, sometimes nearly 
white, more generally ferruginous, and in this rase it is of a reddish 
color; it also occurs of a bluish green color. The purer varieties are 
distinctly stratified, and some, even approach to slaty. The strata are 
sometimes almost horizontal, in other situations they are waved or 
saddle-shaped. 

The rock in question sometimes assumes a very beautiful aspect. 
On a lull to the north of Ntmac/i, I hnve seen it with a base of the na¬ 
ture of agate-jasper, containing small rounded portions of quartz, and 
exhibiting minute drusy cavities, lined with quartz crystals : the w'hole 
being capable of receiving a high polish. At Bari it occurs both in 
the form of a nearly pure quartz rock, horizontally stratified, and of an 
unstratified breccia, composed of angular portions of pure white quartz, 
and a red somewhat agatose variety of the same. This rock also occurs 
exhibiting something of the appearance of the millstone grits. 

A very characteristic feature of the hills and hill ranges of this form¬ 
ation, the conical hills of course excepted, is the bluff", in many instan¬ 
ces perfectly perpendicular crag, which their summits presents. The 
bases of these hills, &c. are formed, as before stated, of the saudstones 
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and sandstone slates; and as high as these rocks occur the slope, though 
abrupt, is uniform. Immediately resting on these is the breccia which 
presents the perpendicular crag, just alluded to, and which rises from the 
slope as in the sketch beneath,—the -summit being occupied by a table 
land of considerable breadth, wbich gives rise to the even and uniform 
aspect which the summit of these hills present. 


This is particularly the case throughout the whole extent of the 
boundary range betwixt Miwar and Hardoti, and the hill of Chitor 
affords a noble example of this kind of structure. It is surrounded 
on all sides by high perpendicular crags, forming a natural forti¬ 
fication, which, till it was taken by Akber, gained it the name of 
impregnable,—a name which the natives of this country still fondly 
apply to it. The rock forming the summit of this hill and of the 
boundary range, is distinctly stratified, the strata being waved or 
saddle-shaped,—the elevated plain on which Chitor stands, exhibit¬ 
ing several smooth round swells, with corresponding hollows between, 
and the strata appearing to dip in a directly contrary direction on ascend¬ 
ing from the east to what they do on ascending from the west. From the 
summit of this hill, we could observe a similar plain occupying a corres¬ 
ponding position on the boundary range. The diagram below will give 
some idea of the w-ay in which the strata are arranged at Chitor. 
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The boundary range runs in a direction nearly north and south 
as far as Chxlor , where it takes a turn to the east, and in marching 
from the last place towards A imach, the route running parallel to—and 
at no great distance from—the base of the hills, the line of demarkation 
betwixt the two varieties of rook forming them could be distinctly traced, 
and it appeared to me that the superior strata had accommodated them¬ 
selves to the form of a previously existing range, tilling up all irregulari¬ 
ties, and presenting at their summits, the even line before described. 
The base and lower portions of the hills are covered with vegetation, 
owing to the softer and less durable nature of the sandstones, &c. forming 
them; and the crags rising abruptly above this jungle, appear like huge 
tvails raised artificially, presenting to the view the bare rock, apparently 
arranged in horizontal strata, but which, in fact, presents the waved 
aspect just described. The rocks so situated, as far as ] have had 
opportunities of examining them, are ferruginous quartz, or a siliceo- 
ferruginous grit, containing occasional beds of breccia. Many varieties 
of the series of rocks which I have named quartzose breccia, may probably 
be found in this range. 

The rocks of the formation thus briefly described are characterized 
by the large quantities of iron ore contained in them. This ore occurs 
in small beds, veins, and in the form of embedded nodular concretions. 
These latter sometimes exhibit a jaspery aspect—Botroidal red haema¬ 
tite, common haematite, red iron ochre, and sometimes magnetic iron 
ore—are met with, and the whole surface of the crag frequently assumes 
an iron-shot appearance. Iron also occurs in minute grains, disseminated 
through the mass. This rock, either in its purer or brecciated form, 
never occurs loose or friable. The cementing medium of the brecciated 
variety is generally ailiceo-ferruginous, and some of the specimens greatly 
resemble the coarse old red sandstones. I have met with no organic 
remains in this formation. 
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I was at one time persuaded that the above rocks were of analogous 
formation with the iron sand of the English Geologists—though in their 
structure, and in many of their characters, they do not resemble the rorks 
«,f this formation, still these characters might have been modified by 
many and various causes. Their position gives some color to such a 
supposition, and a breccia, somewhat similar to the one described, is 
mentioned n* associated with the iron sand. On this point, however, 
I prefer saying nothing more. 1 am anxious to give as impartial an 
account of the rocks as they occur, as I possibly can ; and it is difficult, 
when once we have adopted an opinion, to void trying to trace analogies 
which exist more in our own imaginations than in reality—not that I 
believe that any individual would willingly deceive in matters of this 
kind, but the lari is we are deceived ourselves. It is thus that science 
degenerate;, into a system of vague hypothesis. 

The pi .miis of this portion of the country are strewed with numerou 
rolled masses of the above rock, and from the isolated position which it 
occupies, viz. only on the summits of the lulls, we may conclude that it 
has been much affected In/ those great denuding causes which have operated 
with Mu ll amazing force over the whole surface of the globe. How far 
this formation extends into Jlardoli I know' not—Captain Dvnc.ru- 
field in his map, lays down tins district as a formation of “hnrtislonc 
and porphyry." - But whether this hornsinne be the same rock as the 
ipiurt/.OM breccia or not, 1 have had no opportunity of ascertaining 
As I before -laicd, lie lias applied the name lotwo nicks of very di'tinct 
series, l.aige ldoiks of this tpmrtzose breccia are constantly ol>-t..cd 
at the lists* of the hills arranged in large globular heaps. These are 
detached from iii, crags genrially during the ranis. The reason of this 
is obvious. The water having penetrated into the rent' and fissures of 
the rink, is exposed to the heat of a iie.nly vertical sun, which usually 
hursts out a'’tiT the lii'i fa'l o! ram the expansion thereby o<canoned 
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is great, and the blocks in question are detached, while the same cause 
accelerates the decomposition of the softer and more friable strata—thus 
affording a thick soil which is rich and fertile, and in many situations 
covered with jungle. 

Regarding the rocks of this narrow belt I have only further to add, 
that the strata , in the neighbourhood of the primitive formations, are more 
inclined than in ol/ter situations. This remark holds good in the case of 
all the rocks of this belt. The wells are seldom deep, water being gene¬ 
rally obtained near the surface. This circumstance is owing to the 
numerous artificial lakes and tanks which have been formed in this dis¬ 
trict—and it is seldom necessary to penetrate the strata beyond the 
level of these lakes, and never beyond the level of the nullahs and 
streams. 1 may also mention that, in addition to the fact of springs 
of water issuing from the strata of the low boundary range, &c. as stated 
by Captain Dangebfiel», that there is a spring at Gangra, twelve 
miles N. W. of Chitor, which issues from the sandstone slates near the 
base of the group of hills which are there observed. This spring is 
sensibly hot. When I visited it—it was during the cold season, and we had 
ice daily in our shorals. The thermometer in the morning standing 
below 40°, and during the hottest period of the day, never rising beyond 
47® ; but when plunged into this water it rose to 80° It issues from the 
rock at the surface, and the fountain is looked upon as sacred by the 
natives. It has no sensible taste, and appears to hold little foreign 
matter dissolved.* 


* A bottleful of this water, afterwards subjected to the following tests, gave the results as 
below. Nuruie of silver throws down a dark precipitate. A paper, dipped in a solution of lead, and 
plunged in this water, acquiies ■ lark color ; and a solution of acetate ot lead, also throws down a 
dark precipitate. Tincture of galls lias no apparent effect, neither has the addition of a large 
quantity of alcohol. A quantity of the water was boiled, the contact of atmospheric air being 
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My observations on this belt are co'nfined to its most northern por¬ 
tion, and they may serve as a supplement to Captain Danoebfigld’s 
account, to which I beg leave to refer for further particulars. 

But it is now time that \vc should return to the consideration of the 
primitive strata, and 1 shall premise my remnrks on this head by a 
general description of the external features of the country. The southern 
portion, then, of the tract under consideration, is mountainous, and 
consists of numerous groups and collateral ranges of hills, studded 
closely together, and separated from each other by narrow ravines and 
deep valleys. These hills do not rise to any great height, seldom to 
more than live hundred feet above the level of the plains ;—they run 
generally in a northerly and southerly direction, and instanres occur 
where individual hills attain the height of twelve hundred feet. In 
many situations, too, the country presents a mammillary aspect—an 
aspert frequently observed to characterise the lower granite tracts in 
other parts of the world. In this southern portion are included the 
northern parts of Guzeral —the district of liayar —portions of Rath, 


excluded, and to two separate portions of this, the sulphuric and nitric acids, were severally added, 
no precipitate or cloudiness wus observed even on the addition of a large pioportion of alcohol to 
the portion containing sulphuric acid. From this it would appear that no hi/droeulphuret of lima is 
present, which is usually the case in hepatic waters. A sediment, in minute quantity, of a light 
color, and which effervesced with acids, remained after the boiling. This was carbonate of lime. The 
water boiled and freed from its gases, gave a white precipitate, on the addition of sulphate of silver. 
From the above it follows, that sulphurated hydrogen, carbonate of lime, and muriatic salts, were 
present. This water emits the peculiar odour of sulphurated hydrogen, though faintly so when it 
is perfectly fresh, and Lite ingredients present appear to exist in minute proportions ; the exact propor* 
tion 1 had not the means of ascertaining, as the bottle containing the water was, accidentally, broken 
after the above experiment! were concluded. The muriatic salt indicated by the test, is probably 
muriate of soda. At least a very small quantity of the water which remained »» the broken bottle 
gave, on evaporation, a minute portion of a white substance, having the taste of common sea aalt. 
The quantity was toe small to be examined. 
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Shtri, and the south of Mtwar, and it ia inhabited by the numerous and 
predatory tribes of Bhilt, Minahs, Gratiot, and Kitit.' It prescats 
a wild and bleak appearance, and exhibits, on a small scale, all the 
bold and striking features of an' Alpine country. It is traversed by nu¬ 
merous deep and rugged ravines and ghauts, on the brinks of which are 
frequently seen the villages and huts of the rude people by which it is 
inhabited. As we proceed north, the country becomes mere open—tbe 
valleys more extensive, and a narrow belt, exhibiting a mammillary aspect, 
is very generally interposed between the large and level plains of the 
UArth of Meteor, of the Ajmer district, &c. and the more mountainous 
tract just described. The same mammillary belt also runs parallel to tbe 
great central range of hills so often alluded to, as far as KankaraoU, 
thirty-six miles north of Udayapur, while to the east of this belt we 
have the usual level plains of the north of Meteor. The hilly tract just 
described may be considered as a continuation of the great central range 
(vhich may be supposed to divide itself, a little to the north of U day a pm r, 
into a number of collateral and concentric ranges, so that it is difficult to 
say which ought to be considered tbe parent range—and which not. 

Suppose a line drawn west from the cantonment of Nimaek to the 
northern extremity of the valley of Vday a for, it will give us a sufficiently 
correct boundary for general purposes, betwixt the northern and southern 
portions of this district to the east of the great central range. The northern 
portion is characterised by plains of large extent, which are perfectly 
level, and from the surface of which are seen, here and there rising 
abruptly, hills and small hill ranges and groups. In the neighbourhood of 
the mountainous district to the south, these hills and ranges are numer¬ 
ous, and they gradually decrease in number us we proceed north, till, on 
reaching the Ajmer district we frequently find ourselves on a perfect¬ 
ly level plain, bounded by the horizon on all sides, and at the surface of 
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which ttie vertical strata are very generally observed. Still, however, 
detached groups and hills here and there present themselves. North of 
Nanrabad, these plains are bounded by the great central range, which 
here takes a .urn to the N. E.—East of Ntuirabad, and proceeding from 
that cantonment through Jaypur towards Biana, we have still the usual 
level plains with their detached hills and groups. These latter, in many 
instances, appear to form detached portions of two hill ranges, which we 
meet with about half-way betwixt Nasirabad and Biana, and which 
run parallel to, and at no great distance irom each other. Frequent 
secondary ranges pass off from them, generally in pairs, running 
parallel to each other, and nearly at right angles to the parent ranges. 
These parallel ranges are separated from each other by perfectly level 
plains, with the usual detached hills, which are, in this district, generally 
topped by a fort or a strong-hold, and which rise abruptly from the surface, 
often exhibiting an almost perpendicular crag. South of the most south¬ 
ern of the two ranges above alluded to, we have also plains of large extent, 
the route in this direction running through the south of Ajmer and Jaypur 
and crossing the fertile jageer of Amis Khan near Touk. This portion 
is also characterised by hill groupes and detached ranges, some of consi¬ 
derable extent. The height of these detached groupes, hill ranges, &c. is 
very inconsiderable ; but the plains themselves are situated high above the 
level of the sea, as may be seen from the measurements made by Captain 
Dangebfield ; and there appears to be a gradual slope as we proceed east 
towards Bharatpur. The hills composing the central range, rise higher, 
and their altitude appears' to become more considerable as we proceed 
north,—none, however, I believe, rise higher than twelve hundred feet 
above the level of the plains; very few, indeed, so high, and their 
general average may be estimated at between six and eight hundred 
>set. 
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The northern portion of this great tract is very fertile, and is abun¬ 
dantly supplied by .rater from numerous large lakes, tanks, rivers, and 
wells. The deep valleys of the southern portion are also fertile, but many 
of them are indifferently supplied with water. The splendid Dhabar lake, 
however, and several others of smaller sire and less note, are situated 
in this portion of the country, and the great fertility of the valley of 
Udayapur, situated on the northern extremity of this southern portion, I 
alluded to in my last. The country surrounding Nastrabad forms a strik¬ 
ing exception to the above rule.—Here the rock almost universally appears 
at the surface, and where any soil exists it seldom exceeds a few inches in 
depth. 

In spite of all these natural advantages, large tracts of land are left 
in a perfect state of jungle, and the contrast afforded us on entering the 
highly cultivated provinces of the British Government, is truly striking. 
The above circumstance may, in a great measure, be attributed to want of 
confidence on the part of the Ryots, owing to the insecurity of property, 
which is but too often the result of Native rule. Besides, this part of In¬ 
dia has not yet recovered from the effects of war and famine, which, not 
many years ago, rendered it almost uninhabited ; and I believe that even 
now, the produce exceeds the demand. 

Of the country to the west of the great central range I know little, 
as I have had no opportunities of examining it personally. We have 
every reason to believe, however, that the central range forms the highest 
portion of the district under consideration, with the exception, perhaps, of 
the immediate neighbourhood of Abu ,—and that the country to the we^t 
pf it slopes gradually towards the Indus, &c. How far west the primitive 
strata occur I know not, but that these are succeeded by secondary rocks 
I have before stated my belief, and I have in my possession specimens 
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from Serooee, which belong to the primitive class. I believe that the 
southern portion of this western tract is characterised by its broken and 
mountainous aspect, and that some of its hills rise to a very considerable 
altitude. In this part of the country is situated the mountain of Abu, so 
famous in Hindoo Mythology, which, according to Colonel Todd, rises 
6,000 teet auove the sea ; and from the district 01 Siroki .passes off to the 
west a range of hills, I believe also ot primitive formation. Siroki itself, 
especially towards the north, is described as exceedingly fertile, and capa¬ 
ble of being highly cultivated. It is succeeded in a northerly direction by 
the country of Marwar , which is described as lying comparatively low. 
This last is bounded by the sterile districts of Bikanir and Juttlmir, 
which are situated on the confines of the sandy desert—the sands of 
which make yearly encroachments on the country to the west of the 
central range—the said range presenting ah impassible barrier to their, 
further progress east. 

In concluding this branch of my subject, I may remark that those 
who are in the habit of travelling much in India, are constantly struck 
with the very different aspect which the same country presents at differ¬ 
ent seasons of the year, and hence very opposite, and even contradictory, 
accounts of particular districts may be given by travellers, and all of 
these may be correct. The increase of vegetation during the rains is 
a principal cause of this alteration, and it is astonishing sometimes to 
observe the effects of light and shadow in modifying the external features 
of the country. During the season of the hbt winds, when the sky is 
clear and cloudless, and the sun is reflected with fearful intensity from 
the bare and barren rocks, nothing but ideas of desolation are excited 
in the mind, but after the first fall of rain the scene changes as if by 
enchantment—the wilder and bleaker features of the country are softened 
down, the desert seems at once to teem with life and vegetation—while 
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the clouds and mists gathering on the mountains here, exhibit them 
of a dark and sombre hue, and there, spots of green may be observed 
glittering in all the brightness of reflected sunshine. These causes not 
only modify the external appearance of the country, but even the shape 
of the mountains seems to undergo a change. 

With regard to the Rocks or this District, they are all probably 
based on granite.—Of this, however, I can offer no proof, except such as 
are derived from analogy, and many of the granites appear so intimately 
connected with the other rocks, that it is impossible prima fade , to say 
which ought to be considered the eldest and which not—a gradual 
passage of the granites into rocks, resembling the greenstones of the 
trap formation may, in many situations, be observed in this district. 
Dr. Mucculloch has described similar appearances in Scotland, and 
has drawn from the circumstance conclusions, the correctness of which 
I cannot take upon myself either to contradict or support.—I may be 
permitted, however, to remark, that conclusions drawn from the external 
characters of rocks,' appear to me liable to considerable objections. 
These may be modified by many circumstances. Neither can I believe 
that the circumstance of one rock occurring stratified and another unstra¬ 
tified, justifies us in concluding that these two rocks have owed their 
formation to different Causes. In this district we often observe a rock 
in one situation stratified, and at a little distance from it another of an 
exactly similar nature, in other respects, unstratified. An instance of 
this kind I have particularly remarked at Phulana, about twelve miles 
north of Mirta, where there occurs a series of alternations of a close 
grained grey granite, with hornblende rock approaching to primitive 
greenstone.—Some of the alternating beds appear distinctly stratified, 
while others resemble an unstratified mass, of a prismatic form, inter¬ 
posed among the other strata. It is impossible to distinguish which is 
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which, betwixt two hand specimens from the different beds, and the above 
difference is observed over a square surface of several yards. It would 
be difficult indeed to believe the two different causes hac operated in 
forming these different beds of rock. 

That granite does occur oftener in an unstratified than a stratified 
form I am free to confess. This is particularly the case in the well- 
marked varieties. It also exists in long-regular-prismatic beds—inter¬ 
posed among other stratified rocks, and alternating with them. These 
beds are certainly not subdivided into strata, but may not this have been 
owing to a particular arrangement of the constituent parts, and does not 
the circumstance of their alternating with other strata, and the regular 
prismatic form of the beds, indicate a stratiform structure, or at least some¬ 
thing very analogous to it. I stated in a former paper, that I considered 
the granite which forms the small hills protruding through the deluvium 
of Guzerat at Pandua, to the north of Balasinore, as belonging to a very 
old variety, and the out-croppings of a similar formation may, very pro¬ 
bably, be discovered in many of the granites of this district. The talcose 
and chloritic granites, which form the protogine of Jnrine, the last men¬ 
tioned Geologist considers very antique varieties. These occasionally 
make their appearance here; but, without speculating farther on this very 
difficult subject, I shall proceed to enumerate very briefly the different 
rocks which occur in the southern portion of the district under consi¬ 
deration. 


I have, on a former occasion, given a section of the strata on the 
route from JBaroda to Udayapur, and this, in addition to Captain Dan¬ 
ger field’s account, and the section of Captain Stewart, in the. Bombay 
Literary 'Transactions, renders it unnecessary for me to say much on 
this branch of my subject. 
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The rocks, then, which principally occur are chloride and argillaceous 
schists,—greenstone,—greenstone schisis,—quartz rock,—and more rarely, 
though still in considerable abundance, micaceous schist, granitic 
rocks,—gneiss,—with occasional beds of serpentine and marble. These 
rocks pass into each other by insensible degrees, so that it is often 
difficult to say to which class particular specimens ought to belong. On 
a general view of the subject I may state, that the argillaceous rocks 
are more abundant on the southern than in the northern portion of the 
tract under consideration, while in the latter the granitic rocks, with 
their accompanying gneisses, micaceous schists, and hornblende rocks, 
greatly preponderate,—quartz rock being very abundant throughout the 
whole of Central India. In the neighbourhood of the DJMar lake, 
granitic rocks, with gneiss, hornblende rocks, &c. are discovered, and a 
similar formation, but of no great breadth, may be traced from this, running 
on a northerly and southerly, or south-easterly direction, through a consi¬ 
derable extent of country, the line of continuity being interrupted by 
the occasional occurrence of rocks of a different nature. This formation 
may very probably be a continuation of the granitic rocks which occur 
at Wart, in Guzerat, as described by Captain Stewart. 

The granites have a structure generally intermediate betwixt large 
and small grained. The*r characteristic color is red, but they sometimes 
occur small grained and of a grey color —the color in the red varieties 
depending on the felspar which usually exhibits a foliated fracture, and 
which is, generally speaking, the most abundant ingredient. It is 
sometimes associated with quartz alone, and this variety is generally 
large grained, the quartz being white and semi-transparent. Passing 
into the last the common granite is found, and the mica in this varies 
from nearly black, through olive green, to silver white. I have never met 
with it in this portion of the country in large plates. To this last, again, 
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hornblende is frequently superadded, and this either replaces the mica, or 
occurs associated with it in the same mass. Besides the above, talcose and 
chloritic granites also occur,—and these have occasionally scales of mica 
disseminated through them. The close grained grey granites are gene¬ 
rally composed of mica, quartz and felspar, the last of which is sometimes 
granular. 

The gneisses are also very generally of a reddish color, and this last 
class of rocks seems to pass into the waved sienitic gneiss, described in a 
former paper, which passes again into a hornblende rock, with which fel¬ 
spar, of a grey color, is frequently associated This last passes into pure 
hornblende rock, and into hornblende schist. In all rocks where horn¬ 
blende is.abundant, and where felspar is associated with it, the latter >. 
almost universally of a grey or whitish color, and a specimen will bt 
hereafter alluded to which was broken from the junction of a hornblende 
rock approaching to sienitic granite, and a granitic rock with which 
minute grains of epidote is associated, in which tbt felspar acquires 
a redder tint in proportion as it is removed from the hornblende. This 
might arise from the coloring matter having had a greater affinity for 
the hornblende than the felspar, when the original constituents of these 
minerals were in a,'state to enable such affinity to he exerted. 

We shall now turn our attention to the Quartz Rock of this district, 
a rock which appears to me to be of first rate importance. In treating of 
the Geology on the route from Baroda to Udayapur, we have had occasion 
to describe tmmense beds of this formation, and it is of very abundant 
occurrence throughout the whole of Central India This rock varies much 
in its texture in different situations. The purest variety exists in the 
form of a white semi-transparent rock either stratified or very indistinctly 
so, and sometimes exhibiting large unstratified beds, very frequently of 
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the regular prismatic form alluded to in describing the granites. It either 
occurs compact or granular, the grains varying from the minutest possible 
Bize to the size of a bean, and many of the varieties have a saccharin* 
aspect. These Tatter exactly resemble, in their external appearance, the 
very pure white, fine grained, primitive dolomites, with which however 
they cannot, for a moment, be confounded; but it was not without minute 
examination, and subjecting them to the influence of the common native 
furnace, that I could persuade myself that some of the varieties were 
quartz,—they might possibly be confounded with some of the varieties of 
compact felspar. They are slightly translucent. The quartz rock fre¬ 
quently appears as if composed of a congeries of large angular masses 
closely cemented together. This appearance, in a great measure, depends 
on the seams and cracks which traverse the beds in every direction, divid¬ 
ing them into a number of square and rectangular portions. In this last 
variety, numerous embedded masses of a nearly transparent quartz, form¬ 
ing a coarse rock crystal, occur, indeed almost the entire of some of the 
beds exists in this last forin. 

The quartz, on one hand, passes into micaceous schist, which passes 
again into gneiss, granite, &c.; and on the other, into argillaceous schist. 
It first becomes distinctly stratified. It acquires a greyish color, and this 
color gradually deepens; it then becomes more slaty in its texture ; mica 
is sparingly distributed through its substance, and it appears to pass 
into a harder and more durable variety of argillaceous schist. In many 
situations, but more especially in the boundary ranges of the valley of 
Uiapapur, the connecting link betwixt these two last mentioned series 
is ~a rock of a fine granular texture, which occurs distinctly stratified, and 
bias a structure inclining to slaty. Its color is nearly white, and it can 
with difficulty be scratched by the knife. On exposure, it acquires a 
beautiful dendritical appearance at the surface, and it peases into a 
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rock of nearly a similar nature, but which is softer and has a greater 
proportion of alumina associated with the silica, which last, however, 
appears to be the most abundant ingredient. This rock greatly resem¬ 
bles, in its structure, the fine grained freestones ; but it occurs in strata 
highly inclined alternating with the other rocks. It is seen passing 
both into the more compact quartz rocks and the argillaceous schists. 

A very common variety of quartz rock in this district appears in the 
form of a compact, fine grained rock,—translucent, or translucent at the 
edges,—of a bluish color, with sometimes a tint of red, and capable of 
being split into layers of from half an inch to nearly a foot in thickness, 
and in the deep ravines in which this portion of the country abounds, many 
sections of the strata of this rock may be observed. From the compact¬ 
ness and durability of its structure,—from the regularity of its stratifica¬ 
tion, and the nearly vertical position of these strata—the surface of these 
crags is often perfectly smooth and perpendicular. This variety occurs 
abundantly in the boundary ranges of the valley, and forms the entire 
of the hills which skirt the Udayastigar lake, running south, till it is 
succeeded by the granitic rocks and gneiss of the neighbourhood of the 
Dh&bar lake. It is also of very abundant occurrence throughout the 
whole of the southern portion of the district under consideration. It is 
the hornstone and columnar homstooe of Captain Danoerfield. 

Ferruginous quartz is also abundant, and the color of this varies 
from very dark blackish red to a red of a light shade. The quartz rocks, 
too, sometimes approach to the nature of the millstone grits, and many 
of them have a tendency to assume, on exposure, a globular form, the sur¬ 
face of these exhibiting a concentric laminary structure. This is parti¬ 
cularly the case with those varieties which have a small quantity of 
felspar associated with them. Indeed, these last seem, in many instances, 
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to pass into an imperfect variety of granitic rock. In this the quartz is 
associated with a considerable proportion of felspar, generally of a red¬ 
dish colo” —an instance of this kind was alluded to in page 38, and I shall 
have occasion to describe in my next a series of rocks of this kind, 
which occur in the boundary ranges of the valley. They are composed 
of reddish colored felspar and quartz,—the felspar having a tendency to 
be decomposed and crumble down on exposure. They are sometimes 
fine grained, but more frequently intermediate betwixt fiue and large 
grained—they have, generally speaking, a porphyritic structure, and pass 
insensibly into the quartz rocks. 

It is not my object in this sketch to trace the different rock forma¬ 
tions throughout their whole extent, or to define correctly their' limits. 
I merely wish to give a general account of their structure and mode of 
occurrence, and as opportunities occur, hereafter to give a more detailed 
account of individual portions of this extensive tract. To trace correctly 
the different quartz rock formations, would be a work of great difficulty. 
They occur very extensively distributed and associated with all kinds of 
rock. I may remark, however, in a general way, that a belt of quartz, 
exhibiting, in many situations, craggy and precipitous hills, seems to 
skirt this great primitive district through a large extent of country, 
and to separate it from the newer rocks described at the commence¬ 
ment of this paper. Captain Stewaxt’s section exhibits it interposed 
between the sandstones and the granitic rocks on the route from Mow 
to JBaroda, —west of the sandstones near Chitor I have also seen it, 
and north of this last mentioned city it still makes its appearance. 
It is probably a continuation of a similar formation which occurs in 
the neighbourhood of S&har, forty miles from Biana, in the Bharatpw 
district, which extends to the south and north of the former place, and 
which is bounded to the east by the rocks described in a former paper as 



06 


SKETCH OT THE 


occurring at and near Siana. The hill fort of SdAar is situated on an 
isolated rock of this formation. The hill exhibiting an exactly similar 
shape to those of Nakim, (see section p. 50.) The rocks of this belt I look 
upon to be the last formed of the great primitive series of Central India, 
and they deserve more than any others which I have seen to be consi¬ 
dered as belonging to the snbmedial class. 

It would appear that the cause which operated in forming the strata 
of this district was liable to great, though not to tndden, alterations,—that 
the purest variety of rock formed was quarts,—that to this, under pecu¬ 
liar circumstances, other ingredients were added,—sometimes mica alone, 
sometimes felspar, hornblende, &c., and sometimes alumina, and chat 
this forming cause had a constant tendency to revert to that state to which 
pure siliceous rocks owed their formation,—the original constituents 
of felspar, argillaceous rocks, &c being occasionally superadded to 
those of the siliceous rocks, modifying their external structure, color, &c. 
according as the former were more or less abundant. I here merely state 
the broad principle without speculating on the nature of this forming 
cause. The granitic rocks might have been first formed, and the forming 
cause might have gradually acquired that state to which the pure sili¬ 
ceous rocks owed their formation; this cause might undergo another 
gradual alteration, and thus, from the superabundance of one or other of the 
original ingredients, constituting the solid strata of the earth, various 
modifications of these might have been produced. 

The wonderful powers of chemical affinity—powers to which it is 
impossible to assign any limits, -and the changes which result from the 
absence, or presence, or superabundance of particular ingredients, all of 
ffhich circumstances modify the attractions and repulsions of the original 
stoms of bodies for each other, am well known to every Chemist, and it 
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ia surely not going too fur to say, that these causes might have operated 
most powerfully in modifying the external characters of rocks. 

The Aianucnvi Schists, with their accompanying Gkkehstonb 
Schists, Gbhsnstonbs, and Chlobitb Schists, next claim our atten¬ 
tion. The argillaceous schists vary much in their texture. From the 
siliceo-argillaceous schists, which pass into the more slaty varieties of 
quarts sock, to a schist of a loose friable texture, we have a regular gra¬ 
dation. Several varieties of argillaceous schist have been described be¬ 
fore (see paper on the Geology of the route from JBaroda to Udayapur,) 
together with the rocks with which they are associated. They are very 
generally of a dark grey color, and many of them approach to the nature 
of'roofing slate. These last are generally of a bluish color—other va- 
rities are also bluish, but are soft and friable with a slightly greasy feel, 
the color depending on copper—others are black, making an indistinct 
mark on paper, while others are light grey, buff, fawn colored, and 
greenish. The latter pass sometimes into chlorite schist, and at others 
into greenstone schist. Many of them have mica disseminated through 
their substance, and these last pass into micaceous schist, while others 
have a distinct greasy foel, and the latter, in one situation, I have seen 
passing into well marked takose schist. This last rock. does not 
appear to be of abundant occurrence in this district. The instance 
alluded to was discovered in the boundary ranges of the valley. The 
talco-argillaceous schists, or those which have a distinct greasy feel, 
are, however, common. To the above, the cede: sekiste of the French 
may be added, which occasionally presents itself. Thin lamina, of a 
whitish colored limestone, in small patches, being disseminated through 
a basis of argillaceous schist. This forms a calcareo-argillaceous schist. 

The argillaceous schists frequently resemble the greywacke schists, 
as commonly described, and these again pass into greenstone schist and 
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green*toue. The latter, in many situations, perfectly resembles the green¬ 
stones of die overlying trap formation, and frequently contains imbedded 
calcareous spar, as do also the greenstone schists. The greenstones, and 
less frequently so, the gicenstone schists exhibit a porphyritic structure. 
The low hills of the valley of Udayapur consist of a series of alterna¬ 
tions of argillaceous schist and greenstone, greenstone schist, &c.—and 
the greenstones occur both stratified and in regular prismatic beds, alter¬ 
nating with other strata There is another rock which frequently occu¬ 
pies the place of the greenstones in alternations of this last mentioned 
rock with argillaceous schist, the relative position to the argillaceous 
schists being similar. It appears to be greenstone, which has lost its horn¬ 
blende, and is principally composed of felspar of a greenisn grey color, 
associated with a proportion of quartz, greater or less in different si¬ 
tuations. A similar occurrence is described as taking place in Wales 
—this rock exhibits a porphyritic structure, and somewhat resembles 
the clay stony porphyry of Jameson, it is found abundantly in the 
valley. 

Several of the argillaceous schists, especially those which pass into 
greenstone and grey wackc schist, as well as the greenstone schists them¬ 
selves, are capable of being cut into long masses of various thickness and 
breadth,—and also into flat slabs. Some of these masses are fourteen 
feet in length, and are used in place of beams to support the flat roofs 
of the numerous rectangular buildings of Hindu origin, which abound 
in this portion of India. The flat slabs are used as roofing stones, and 
the series of pillars on which these flat-roofed buildings are supported, 
are also solid masses of the same rocks. These are often fancifully carved. 
Indeed, these stones are used in place of beams in all the buildings, 
whether flat-roofed or domed, in this part of the country, excepting in 
such as are built of marble. 
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The above aerie* of rock* form by far the greatest part of the 
southern portion of the district under consideration, and numerous veins of 
quartz make their appearance in all the rocks here observed. Beds of 
serpentine are also found, generally in low situations, and this last some¬ 
times appears to pass into chlorite schists. Of it tables, and various 
ornamental works, are fabricated. It occurs unstratified. Marble is not 
very abundant, but is here and there observed in beds in micaceous 
schists, gneiss, &c. It is generally large grained, and I believe is also 
found, though rarely so, associated with the argillaceous schists. A con¬ 
siderable bed of this rock occurs near Salumbker. 

The strata are highly inclined, sometimes almost vertical. Their 
general dip is to the N. E. or E. N. E. this is particularly the case with 
the granitic rocks, &c. They frequently, however, dip to the N. W. and to 
the intermediate points between N. E, and N. W. sometimes too, though 
rarely so, they are found inclining in a south-easterly direction. The 
Btrata of the softer varieties of argillaceous schist are sometimes consi¬ 
derably distorted, and the more slaty varieties of this last mentioned 
series frequently exhibit a w ived aspect. No change, excepting that of a 
gradual passage of the one rock into the other, is observed at the junc¬ 
tions of the various alternating strata. In some instances where the tran¬ 
sition is abrupt, and in alternations of greenstones and argillaceous 
schists, this is frequently the case. After minute examination, I could per 
ceive no alteration or change of structure in either of the rocks at their 
points of junction—the line of demarkation being well marked. 

The number of simple minerals in this district appears to be small. 
Rock crystal, amethyst, but not of any value,—garnets, which last occur 
in the micaceous schists, gneisses, &c., iron pyrites, which is found 
occasionally in the argillaceous schists, calcareous spar,- -schorl and 
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Mctgnalitt, with other minerals usually found associated with the granitic 
racks, complete the list. The motels am iron, copper, and lead, with 
which last silver appears sometimes to be associated. The iron is very 
abundant in many situations—and there are several fotuderies for this 
metal. Copper does not appear to be very plentiful, bat may be detected 
in many of tbe soft bluish varieties of argillaceous schist. On digesting 
a mass of this rock in nitric acid, a steel rod plunged in the fluid 
acquires a coating of copper. There is a lead mine at the village of 
Jowar ? twelve miles south of {/dbysper, which occurs in a series of alter¬ 
nations of quartz rock and argillaceous' schist, and it is said that a con¬ 
siderable proportion of silver was found combined with this metal, which 
was worked at one time to considerable advantage. Were this country 
properly explored, I have no doubt hot that many rich mines might be 
discovered. 

A country where such a diversity is perceived in the nature of the 
rocks most, necessarily, present a bold and striking appearance, and in 
accordance with this diversity, we observe a corresponding difference in 
the shape of the hills,—the harder and more durable rocks appearing, as 
it were, to penetrate through the substance of the softer, and rising in the 
form of peaks, denticulated ridges, Ac. From the extensive distribution 
of the quartz rock, and from its hard and durable nature, many very 
striking appearances are exhibited. It is sufficiently okvious, when 
a hard rock is associated with one of soft and less durable nature, 
that in the course of time the former will occupy the highest posi¬ 
tion, whatever might have been its original situation. This, then, is 
the case when the quartz rocks are associated with the softer argil¬ 
laceous schists. T^be latter gradually crumble away, and leave the 
former occupying the summits of the hills, and presenting different 
aspects according to the nstare of the quartz and the breadth' of its 
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beds. A very common appearance throughout the whole of Central 
India is derived from this source. I allude to the occurrence of a thin bed 
of quartz, seldom more than a few feet in thickness, often only a few inches, 
which runs along the ridges of the hills throughout the whole extent, form¬ 
ing a sharp augle from which the darker colored argillaceous schists slope 
on either side. Where the quartz beds are thicker, they often rise 
abruptly to the right and left on rugged, nearly perpendicular cliffs—often 
presenting the appearance of ruined fortifications and castellated walls 
rising from the slope of the hills, and exhibiting altogether the most strik¬ 
ing scenes which I have ever witnessed. Numerous perpendicular cliffs 
also present themselves—the perpendicular face of these cliffs, being on 
the opposite direction to that on which the strata dip. This is particu¬ 
larly observed in hills formed of the distinctly stratified quartz rock, 
described in pages 80 and 81, and even more strikingly bo, when the 
above rock alternates with argillaceous schist, and on the direction in 
which the strata dip the hills are often almost destitute of soil, the 
sun being reflected from the bare surface with fearful intensity, while 
on the other side the slope, especially in such cases, when the out¬ 
croppings of argillaceous schist are observed, is covered with jungle, 
above which the cliffs just described, are seen rising abruptly. The 
ridge-shaped hills are, however, the most common, and these are gene¬ 
rally formed of distinctly stratified quartz, the strata being arranged in a 
nearly vertical position. From the sharpness of the angle and the regu¬ 
larity of the outline which the summits of many of these hills present, — 
these summits appear in the distance to be flat, and the deception is in¬ 
creased by their frequently assuming the form of a truncated cone. In 
the latter instance the sharp ridge still exists It is continued for some 
distance in a direction parallel to the horizon, and then suddenly slopes on 
either side at a very acute angle. We haire also denticulated ridges, the 
hills exhibiting this appearance being generally composed of siliceo- 
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argillaceous schists, and the more durable varieties of argillaceous schist 
while peaks, often of fantastic form, are seen rising above the surround¬ 
ing hills. The softer argillaceous schist* occur generally forming rounc 
backed hills and gentle swells. While the granites, hornblende rocks 
which approach to primitive greenstones, &c. are frequently arranged ii 
large globular heaps piled on each other, as if artificially. The pun 
white quartz rock, too, frequently assumes the form of low rounde< 
swells, entirely destitute of soil, and resembles, in the distance, extender 
plains covered with snow. 

The form of the hills in this district is constantly liable to change- 
durfrig the rains immense blocks of the harder rocks are 'detached, am 
the process of decomposition in the softer and less durable varities is cai 
ried on with amazing rapidity. Hence its rugged and broken aspect, an< 
this ruggedness is yearly increased by the channels which the hill tor 
rents are constantly forming for themselves. 

That this district has been subjected, at various periods of time, t 
those violent convulsions of nature which have operated with greater o 
less force in every quarter of the globe, there can be no doubt. The dee; 
valleys and rugged ravines—the sliding off or sinking of the strata fornc 
ing the whole sides of mountains, a narrow ravine only separating the de 
tached portions from the parent hills,—all which appearances are frequent 
ly observed in this portion of the country, are sufficient to prove this; bu 
let not a love for the marvellous lead us beyond the limits which reaso 
has prescribed. The difference observed in the nature and durability < 
the rocks, and their capability or the reverse of resisting the decomposinf 
effects of th? atmosphere, of the mechanical effects of water, &c. will ac 
count for very many of the appearances described, and in a climate lik 
this these causes operate with amazing force. 
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In this district tod, we can trace appearances which have probably 
resulted from the last great flood to which our planet was subjected, 
in the huge blocks and rolled masses which frequently present themselves 
detached from the beds in which they originally occurred, and at a great 
distance from them. The sharp angular appearance of these fragments 
indicate that they were not long exposed to the action of water. Im¬ 
mense tracts present themselves strewed with angular blocks and masses 
of the white quartz, which has been described as being characterised by 
its numerous seams and cracks, and which, owing to this circumstance, 
was peculiarly liable to be detached from its original position ; and in 
many situations 1 have observed heaps of the masses of this rock piled 
upon each other as if artificially, and resting on low rounded hills, composed 
of a similar variety of quartz. It is impossible, on witnessing these, not 
to conclude that higher hills, formed of this rock, originally existed in such 
situations, and that all that now is left of these are the heaps just alluded 
to, which still remain to mark the spot where mountains have existed 
before—and we cannot fail to perceive the ruins of these mountains in 
the masses of quartz which strew the country far and near. 

It is impossible, from facts of this nature, to arrive at any certain 
oonclusions regarding the direction from which this flood came. Cross 
currents and a thousand other circumstances must be taken into consi¬ 
deration ; but from the general position which these detached fragments 
occupy, I am inclined to believe that it came from the west or north¬ 
west. 

Geology of the Northern Portion. —We shall now proceed to 
describe, as briefly'as possible, the Geology of the northern portion of the 
district under consideration. The great difference in the external appear¬ 
ance of the country betwixt the northern and southern portions, has already 


v 
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been pointed out, and my observations are confined to that part of it 
which lies east of the central range. 

With regard to the central range itself, in the neighbourhood of Udaya- 
pur, it is formed of the distinctly stratified quartz rock described in page 02, 
—which alternates with argillaceous schists, &c. and exhibits sharp and 
denticulated ridges, peaks. &c. As we proceed north, the granitic rocks 
make their appearance with their associ ted gneisses, micaceous schists, 
and hornblende rocks. These are found at no great distance to the north 
of Udayapur, and on the most northern portions of Mewar, in the Ajmer 
distr'ct, and where this range borders on Marwar, they are the only rocks 
met with. From the large plates of mica, which are brought from the 
latter portion of the district, we may judge of the nature of the rocks of 
.this range to the north. 

The country lying betwixt this range and the belt of secondary rocks, 
which form the Chilor range, and from thence extend west for a short 
distance, is generally level, and from its surface rise several detached hills 
and hill ranges. The nature of the rocks in this portion of the country will 
he understood from the accompanying section of the strata which occur on 
the route from Nimack to Mertak , which last is situated about a mile 
and a half from the base of the central range. These rocks cross the 
country in an oblique direction, the strata running nearly from N. W 
to S. E. 

Proceeding north from Mertak, we have a continuation of the rocks 
described in the explanation of the section as occurring at and near Mer¬ 
tak. In these, the associated felspar is frequently granular, and the last 
sometimes occurs nearly pure, in which case it forms the white stone of 
Werner. This, however is rare. Beds of semi-transparent quartz also 
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occur, and in some instances this rock assumes an almost schistose 
aspect. When this last is broken in a direction parallel to the schistose 
structure, minute scales of mica may be frequently observed, which 
divide the mass into a number of thin parallel bars. The mica can¬ 
not be observed in the unbroken mass, or in the cross fracture, and 
the bars are sometimes so thin that the rock assumes a Jibrous ap¬ 
pearance. 

When felspar occurs associated with hornblende, the former is gene¬ 
rally white or grey, and in some specimens of sienitic granite, I have 
observed that the felspar, when exposed at the surface, has acquired 
a icldish tint, and it is only on breaking the mass that we discover its 
real color. In one hand-specimen, broken from the junction of a-liorn- 
blenue rock approaching to sienitic granite, and a close-grained granitic 
rock, through which are disseminated minute yellowish green specks of a 
mineral, which appears to me to be Epidote ,—the felspar of the hornblende 
rock is grey, while that of the other is reddish ; the felspar hrquiring a 
redder tint in proportion as it is removed from the hornblende. Through 
many of the granitic rocks which occur here, the minute green specks just 
alluded to, are disseminated. When these neks are exposed to a powerful 
heat, the green color of these specks is converted into a black, and a 
similar mineral occurs intimately associated with a rock which appeared 
to me, on first seeing it, to be a variety of a schistose quartz. It hss a 
specific gravity, however, varying from 2-9 to 3-4, or even 3-5, according 
as this green mineral is in larger or smaller proportion. This last ap¬ 
pears to be translucent at the edges, to have a fracture slightly foliated, 
and something of a fibrous structure. Its hardness is intermediate, 
between that of felspar and quartz—it is rather brittle, and before the 
blow pipe, or when exposed to a powerful heat, it is converted into black 
or dark brown scoriae. Its color is light yellowish green, and sometimes 
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greyish green. It appears to be a variety of Epidote, and the rock jnst 
described occurs in considerable abundance.* 

In the series oi rocks under consideration, chlorite appears frequent¬ 
ly to occupy the place of the hornblendes, and the rocks containing this 
mineral have, sometimes, a structure approaching to that of gneiss—the 
chlorite being arranged in nearly parallel, interrupted layers, alternating 
with layers of the other ingredients. This last rock is distinctly strati¬ 
fied, and passes into chlorite schist. Chlorite also secure in minute quan¬ 
tity in many of the rocks approaching to the nature of white stone. 

In the neighbourhood of the central range, in. this part of the coun¬ 
try, we have numerous detached ranges, and the surface of the country, 
on proceeding towards Natlidwara, becomes rugged and uneven, exhibit¬ 
ing a mammillary belt, in which are situated several deep and small val¬ 
leys. The rocks observed are different modifications of granitic rocks, 
alternating with hornblende rocks. Ndlh’dwdra (famous for its temple, 
which is one of the most sacred in India, with those of tire Vaishnava 
persuasion,) stands about twenty-four miles north, and a little to the east 
of Udayapur. It is situated on the inner slope of a group of hills of a 
rugged aspect, and which group is connected with the mammillary belt 
above alluded to. The rocks which occur there are argillaceous schists, 
containing a large proportior of mica, and these pass into micaceous 
chi8t, which alternates with quartz rock passing into gneiss. The 
Bands river, skirts this group. For about four miles east of N&th’aivara, 
we have still numerous detached hills and groups, and the country is 
broken and rugged,—we then enter the level plains of Mtwar. 


* In addition to this mineral, I suspect tliat Schiller (par occasionally occura. Associate 1 witn 
he quartz is a rock winch has a specific gravity of about 2-6. It is so intimately blended with the 
quartz, however, that I could not determine with any degree of precision respecting its nature. 
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la the district north of Nith'dwdra, including the most northern 
portions of Mewar, and the Ajmer and Jay pur districts, we find gra¬ 
nitic rocks, gneisses, micaceous schists, and hornblende rocks, with occa¬ 
sional beds of marble and serpentine—while the argillaceous rocks are 
rare. But before describing these, it may be as well to give, in this place, 
a short desc.iption of the Geology of the country on the route from 
Ndth’dwaia to Kankarault, distance of about nine miles north, and 
slightly east. This portion of the country acquires importance from the 
marble quarries which abound in it. 

Proceeding then north from the Sands river, the route running parallel 
to, and at no gTeat distance from the central range, the country exhibits 
a mammillary aspect, and to our right stretch out the level plains of 
Mewar. The first rocks which present themselves, are micaceous schists 
approaching to argillaceous schists, which appear to pass, on one hand 
into argillaceous schists, with which a large proportion of mica is atso 
ciated, and on the other, into gneiss, generally of a schistose structure. 
Small thin laminae of a white limestone, occasionally occur in patches in 
the schistose rocks, forming a variety of the calschiste of the French. The 
preponderating rock, however, is micaceous schist, in which occur beds of 
quartz and hornblende rocks. 

On arriving at Kankarault, several low ranges of hills are observed. 
The Lake, for which its sacred city (for it, as well as Ndth’dwara, is the 
seat of a Gosain of the Vaishnava persuasion) is famous, may be about 
fourteen miles in circumference. It is skirted on two sides by these low 
ranges, and on the other sides the water is confined by two bunds of large 
extent, and there is another bund which blocks up a broad ravine which 
separates two of the ranges just alluded to. 


w 
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It is in these ranges that the marble formation of Kanlmnmlt occurs. 
On the side to which the strata dip, the acclivity is gentle ; but in the op¬ 
posite direction, they present bluff crags which overhang the lake. The 
marble occurs in distinctly stratified beds. In a hill examined, the first 
rock which presented itself was micaceous schist, composed of quartz and 
mica, the last in large proportion, and in silvery plates of considerable 
size. Dipping under this, occurred a thick lied of marble, the outcrop¬ 
pings of the strata making their appearance throughout the whole extent 
of a low ridge skirting the lake. Under this again, a micaceous schist, 
of a more stony aspect than the last, occurred. This contains a consi¬ 
derable proportion of associated felspar, and passes into a gneiss of a 
slaty structure, which is succeeded by a sienitic granite, or rather a horn¬ 
blende rqck, with which is associated a very large proportion of horn¬ 
blende. All these rocks are distinctly stratified and dip at an angle of 
about 46°—the dip being southerly, a little inclined to the east. 

The marble which I had an opportunity of examining, was coarse¬ 
grained and crystalline. One variety was nearly pure white, while another 
was greyish white, the last being rather of a closer texture,—both were 
slightly translucent at the edges, and in their structure they frequently 
approached to slaty. This marble is a primitive dolomite. It is dissolved 
slowly, out entirely in nitnc and muriatic acids, with slight effervescence, and 
contains a considerable proportion of carbonate of magnesia, associated with 
the carbonate of lime. The marble quarries from which all this portion of 
India is supplied, occur a few miles from this town, and near another lake 
of smaller size, called the Rajnagar. This marble is more compact and 
fine-grained than the variety just described, and is associated with a 
similar variety of rocks. 

The Bunds which are constructed of marble, have a very imposing 
a earance, and numerous fiat-roofed buildings, supported on pillars. 
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exhibiting very richly carved specimens of Hindu architecture, adorn the 
principal of these. These buildings are completely covered with figures 
of the Hindu deities, carved in alto relievo. The strata of this limited 
portion of the country generally dip in a southerly direction, while those 
in other situations, to the N. S., and in the same parallels of latitude, 
generally dip to the N. E. 

The ranges run in a direction parallel to the direction of the strata, 
and the micaceous schists and gneisses of this Beries generally contain 
embedded garnets. 

With regard to the other portions of this district, north and east of 
Kankarauli, 1 may remark, in a general way, that in it are probably dis¬ 
covered, in any abundance at least,—the oldest rocks which occur in 
Central India, and these may very probably dip under .the argillaceous 
rocks of the south. The whole of which last series would appear to repose 
against micaceous schist, passing insensibly into gneiss, the last passing 
again into granite. Immediately to the north of Kankarauli , we enter a 
perfectly level plain, which is continued to the base of the central range, 
which range rises abruptly from its surface—and, supposing a line drawn 
in a north-easterly direction from Kankarauli to the fort of Banira, 
situated forty-two miles north of ChUor , we have to the N. W. of this 
line a perfectly level plain, at the surface of which the primitive strata 
constantly appear—and this plain is, in many situations, bounded by the 
horizon, not one single detached hill or range making its appearance till 
we approach the hill groups at and near Ban£i, which lies nineteen miles 
9. E. from Nasirabad. 

To the S. E. of this line we have also level plains, but from the 
surface of these rise numerous detached hills and hill ranges—and a 
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range of considerable extent stretches in a south-westerly direction, from 
the fort of Bamra. The first rocks which present themselves are 
micaceous schists, in which the mica is abundant, and in plates of consit. 
derable size; in these are embedded garnets. Beds of- quartz, and a 
micaceous schist, approaching to argillaceous schist, are frequently met 
with—and the latter of-these rocks is more abundant towards the south. 
For a very considerable distance to the north of Kankarauli, and from 
theaoe east to Bhilwara, situated thirty-four miles north of Chitor, the 
micaceous schists still preponderate, and they alternate with hornblende 
rocks and quartz. In the neighbourhood of Bhilwarm, we observe an 
extensive series of alternations of this kind ; and the hornblende rocks, 
which occur in great abundance, exist in the form of hornblende schist,— 
hornblende rock, and hornblende rock approaching to sienitic granite. 

Proceeding north, the granitic rocks preponderate, and the range of 
hills, on the termination of which to the north, Banfra is situated, is en¬ 
tirely composed of granite. The granites of this range are various, and 
the different varieties alternate with each other,—some of the beds being 
stratified, and others assuming a regular prismatic form. One variety 
is a very fine-grained grey granite, of a crumbling nature, easily affected 
by the atmosphere, and, in its partially decomposed state, exactly resem¬ 
bling a sandstone. Another variety is a granite, in which quartz and 
felspar occur in large angular concretions, the quartz being white 
and semi-tranBparent, and the felspar being nearly opaque, and 
of a milky white color—with these a very smull proportion of mica 
is associated. This last rock was traversed by veins of felspar, or 
rather adularia, of a beautiful pearly lustre. Another variety of gra¬ 
nite also occurred, in which the mica, of a dark oKve color, was dis- 
Sinctly crystallized, as were also oceasianally the quartz and felspar. The last 
variety is large granular. The hills of this range are low, and they do 
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not rise higher than three hundred feet above the level of the plain. 
Their shape is round, approaching to conical. 

On leaving Batura, we enter the level primitive plain, described in 
pages 7» and 80—and this plain is, in many situations, almost literally 
covered with garnets, giving to the face of the country a red aspect. The 
precious and common garnet both occur. The former is small, and seldom 
in perfect crystals—the latter is large, often the size of a hen’s egg. and 
is regularly crystallized in the usual manner. The rocks are still different 
modifications of granitic rocks, with which are associated occasional beds 
of hornblende rock, and hornblende schist—-the first passing into sienitic 
granite. Some of the granites are composed of quartz and felspar alone, 
the latter being milky white, and the former semi-transparent.- These 
are arranged in large angular concretions, and have at a little distance 
quite the aspect of calcedony. This rock is stratified, and felspar in thin 
seams, which run parallel to the strata, occurs in it. This felspar is trans¬ 
lucent, of a slightly greenish color, and easily breaks into fragments of a 
rhomboidai form. It exhibits, in some small degree, the play of colors 
so remarkable in the Labrador felspar. Besides the above granites, 
composed of quartz, bright flesh-colored felspar and steatite occur,—the 
last ingredient being sometimes wanting; common granite is also found— 
in this the mica, as seen in the mass, is of a brass yellow color, but when 
placed between the eye and the light, is of a greenish straw color. Schorl 
is occasionally met with in these granites, and in their structure they vary 
from fine grained to large grained. 

The above rocks are continued till we approach Bandi, nineteen miles 
south-east of Nasirabad, when we now again perceive numerous detach¬ 
ed hills and hill groups—and recks containing hornblende preponderate. 
The rocks heretofore met with have, generally speaking, been regularly 

x 
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stratified, and the strata appearing to cross the country obliquely, and 
running nearly north-west and south-east. 

Banai is situated at the base of a group of hills, which, though they 
appear smooth and conical in the distance, are found, on nearing them, to 
be entirely destitute of vegetation, the rock of which they are composed 
having a tendency to assume the form of large globular, or rather colum¬ 
nar masses, which are piled on each other,—one of these masses fre¬ 
quently occupying the very summit of the hills, and presenting a very 
striking appearance. A small fort tops a low, conical, and precipitous 
hill, or rather crag,—the fort appearing to rise from the rock, and to be 
a continuation of it. 

The rock composing this group of hills does not appear to be strati¬ 
fied. In its texture it inclines to small granular. It is composed of grey 
felspar, quartz, and black shining hornblende, and has a structure similar 
to that of gneiss, the hornblende beiug arranged in slightly interrupted 
nearly parallel layers, alternating with layers of quartz and felspar inti¬ 
mately mixed. Small garnets occur disseminated through this rock, and 
in many situations it has a perfect gneissy structure. It may be classed 
with the sienitic gneisses. 

Proceeding from this last place towards Naslrabad, we have alter¬ 
nations of granitic rocks, with hornblende rocks and gneiss, all these pass¬ 
ing into each other—hornblende being a common ingredient in all. Large 
rounded heaps of these rocks are seen piled upon each other near the route, 
and they do not occur stratified, but in large and broad prismatic beds, 
running in the usual direction of the strata of this district. The route 
from Banai to Naslrabad is in a direction nearly parallel to, but a little 
to the west of, the direction in which these beds run, and we frequently 
meet with the same rock for the distance of one or two miles. 
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The country surrounding Natirabad is bleak and desolate. The 
cantonment itself is situated on an elevated plain, exhibiting, in almost 
every position, the out-croppings of the vertical strata; and the soil, 
where there is any soil, is seldom deeper than a few inches. The surface 
rises into several low rounded swells, destitute, or nearly so, of vegetation 
and in the neighbouring country several detached hills and hill groups 
are observed. To the west and north-west, the central range of hills is 
seen to stretch. It presents a bleak and rocky outline. It rises abruptly 
from the plains, and in some situations exhibits peaks, frequently of con¬ 
siderable altitude,—some of them, in the neighbourhood of Ajmere, rising 
about one thousand two hundred feet above the level of the plain. In 
this portion of the country there is scarcely a single tree observed. 

The rocks which occur are different modifications of granitic rocks, 
alternating with each other in narrow beds, and these are associated with 
gneiss, micaceous schist, and hornblende rocks. All these pass into each 
other by insensible degrees. The hornblende rocks pass into greenstone, 
and also exist in the form of pure hornblende rock and hornblende 
schist, with both of which felspar occurs associated, and these last 
pass into sienitic granite. The gneisses are generally schistoses 
not waved, and the granites are very various—sometimes large grained, 
but more generally small grained. In the above, beds of pure white quartz 
occur,—these last frequently rising into hills completely destitute of vege¬ 
tation. The quartz, exhibiting a saccharine structure, described in page 82, 
is found here, and other varieties are semi-transparent. Some also exhibit 
an almost schistose structure, and are similar to those described >" page 73. 
Indeed, the whole series of rocks which occurs at Natirabad, is very simi¬ 
lar to that described as being met with at and near Mertah. The rocks 
of this series are, generally speaking, stratified, and the strata run in a 
direction N. W. and S. W. probably skirting, through a large extent of 
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country, the western limits of the formation described at Banii, and 
exhibiting in their course different appearances. The granitic rocks found 
in the neighbourhood of Skapoora, fourteen miles east of Ban ra, are pro¬ 
bably a continuation of this series, while a continuation of the Banira 
rocks may probably be discovered in those to the west of Nasirabad. 

Proceeding east from Nasirabad, in the direction of Biana, we pass, in 
the first instance, through the same bleak and desolate country—the rocks 
every where appearing at the surface. We have still alternations of gra¬ 
nitic rocks and hornblende rocks, with numerous low rounded swells, com¬ 
posed of pure white quartz, large masses of which latter strew the line of 
march. The granitic rocks lose, at a short distance to the east of Nasi¬ 
rabad, their stratiform structure, and frequently appear at the surface in 
the form of immense lenticular masses, often many yards in diameter, the 
superior flattened surfaces of which only protrude ; and we also observe 
the piled up heaps of globular masses above alluded to. This formation 
is obviously a continuation of that observed at Banii. Proceeding east as 
far as Bambeli, about thirty miles distant from Nasirabad, we have a 
continuation of a similar variety of rocks, but micaceous and chlorite schists 
now occasionally make their appearance; the granites, however, prepon¬ 
derate, and in these the felspar is the most abundant ingredient. It is 
frequently of a crumbling nature. Among other varieties of granite which 
occur near Bambo/t, there was one of a very beautiful appearance com¬ 
posed of quartz-hornblende, the last in very small proportion—flesh- 
colored felspar, and green mica, and in this rock were imbedded portions 
of a semi-transparent, nearly white, felspar of a rhomboidal form, giving 
to the mass a porphyritic structure. Numerous detached hills occur in 
this neighbourhood. They are all very low—some exhibiting the above 
described appearance of globular heaps piled upon each other—others are 
smooth and conical, while others hre peaked. 
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Still proceeding in the same direction, about half way betwixt 
Nasirabad and Biana, we perceive the two parallel ranges of hills described 
in page—, and between which ranges our route lies. These ranges seem 
to terminate to the west in a number of detached hills which rise here and 
there in the line which the ranges would have followed had they been 
continued. Some of these detached hills are conical, others are round, 
while others are occasionally peaked. The rocks are still granites, some 
of them containing imbedded actinolite, and with others steatite and chlo¬ 
rite occur associated. Gneiss and micaceous schist are also observed, and 
the last, as we proceed east, becomes very plentiful. Many of the speci¬ 
mens of gneiss have a zoned aspect, parallel layers of red felspar being 
observed in these, alternating with layers of quartz, &c. and this last rock, 
in some situations, passes into quartz, the connecting link being a rock 
composed of parallel bars of quartz, separated from each other by plates 
of mica. At a small village called Gherwdsi, about eighty-six miles 
from Nadrabad, occurs a low hill, composed of micaceous -chist, with 
subordinate beds of gneiss .and granites, into both of which it appeared to 
pass. I here found specimens of a variety of fibrous quartz of a slightly 
reddish tint—the fibres were arranged in a manner similar to those of fib¬ 
rous gypsum, and it occurred imbedded in the rocks in oblong portions of 
small size, the superior and inferior surfaces of which were slightly convex. 

Proceeding in the same direction, the above rocks are still observed, 
and small grained granites, composed principally of quartz and felspar, 
with which occasional minute scales of mica are associated, preponderate 
as we proceed east. Beds of micaceous schist and quartz are also met 
with,—and the rocks just alluded to are succeeded by the quartz rock 
formation, in the centre of which stands the hill fort of SaAar, or OnsAa 
Sdkar —see page 65. Felspar, in small proportion, occasionally occurs 
associated with this quartz. 
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The hills of the parallel ranges which bound to the right and left, 
the plain over which the line of march lies—are low. Their summits 
veiy frequently present a sharp ridge, the acclivity on each side being 
rapid, and this ridge exhibits an even and uniform line. Sometimes, too, 
the summits are flattened, and their outline altogether is exceedingly 
monotonous, the even line which these summits exhibit, being frequently 
continued for miles without interruption. This is more particularly 
observed in the most eastern portion of the Taypur district, while to 
the west denticulated ridges occasionally occur, and sometimes, though 
rarely so, low conical peaks present themselves. The hills which rise 
from the plain, especially those of the quartz formation, are more abrupt 
and precipitous. 

Proceeding from the hill fort of Bantra N. E. towards Tonk, we have 
still level plains with their detached hills and hill ranges, and these hills 
become more numerous as we proceed east,—several small ranges too, 
are seen running on a north-easterly and south-westerly direction. The 
country is generally covered with soil, from which occasionally protrude 
granitic rocks, &c., and these are probably a continuation of the rocks 
observed at and near Nasirabad, and to the east of this cantonment; and 
about twenty-six miles N. E. from Bantra, we observe several hills com¬ 
posed of granite rocks, gneiss, &c. in large unstratiiied beds, the large 
lenticular masses described in page 84, together with the hills formed of 
the globular masses so often alluded to, being frequently perceived. This 
last formation is probably a continuation of that perceived at Bandi, &c. 

A village called Tara, is situated at about twenty- f our miles S. W. of 
Tonk, and stands near the base of a considerable range ofhills, which runs 
in a north-easterly and south-westerly direction. The hills of this range exhi¬ 
bit ridge-shaped and denticulated summits, and the preponderating rock 
is gneiss, on one hand passing into micaceous schist, and on the other into 
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granite. In some of these the felspar exists in the form of a soft earthy 
substance, (kaolin,) sometimes it is of a reddish color, and at others it is 
greyish white. The last is frequently granular. 

The country surrounding Tone is characterised by its numerous 
detached groups, and the hills often rise into peaks of fantastic form, 
denticulated ridges, &c. Many of them are entirely destitute of vegetation, 
and a sharp craggy peak, of a very striking appearance, and crowned by 
a domed building, overhangs the city. The rocks observed arc granitic 
rocks passing into gneiss, quartz being a very abundant ingredient in 
these. 


Proceeding N. E. from Tone towards Sowdli, situated in a pass in the 
most southern of the two parallel ranges, alluded to in page 85, and distant 
twenty miles S. W. from Sdhar, the detached hills are still numerous, 
and many of them are crowned by a strong-hold. The windings of the 
Sands river are frequently crossed, and the rocks gradually pass into 
quartz rock, approaching to gneiss, with which hills of micaceous and 
chlorite schists are associated. 

Five miles to the S. W. of a small village called Bopdi, which stands 
about twenty-six miles S. W. of Sow Hi, is a hill fort, of a very imposing 
appearance. The small detached range, on the highest point of which it is 
situated, appeared principally composed of quartz of a white color. The 
lower and central regions of the hills were covered with stunted jungle; 
the rock then suddenly took a more perpendicular direction, and rose by 
a very steep acclivity, till, with the slope on the other side, it formed a 
sharp denticulated ridge, frequently rising into needle-shaped points, and 
exhibiting a peculiarly bristled aspect. The upper regions of these hills 
were entirely destitute of vegetation. Many other of the hill ranges 
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presented similar appearances, and we had also the uspal ridge-shaped 
hills, and some were conical. 

On approaching Sow All, these detached ranges were still very numer¬ 
ous, and the secondary ranges, described in page 58, were seen passing off 
in pairs from the range, at the base of which Sow&li is situated. I need 
scarcely add that the word “ secondary’ 1 has no reference, in this place, to the 
rocks of which the hills are formed, but is merely used as a relative term 
to express the connexion of these ranges with the greater range. These 
secondary ranges, then, are not continued far, but terminate a short dis¬ 
tance to the south. Their summits present various appearances,—some are 
flattened or slightly rounded, and are bounded on either side by nearly 
perpendicular smooth crags which rise abruptly from the slope. Others 
are ridge-shaped, while others are slightly denticulated. 

The rocks which present themselves are small grained granitic rocks, 
the quartz and felspar being by far the most abundant ingredients, and 
these are associated with micaceous schists and quartz rocks. Succeed¬ 
ing these, the quartz formation of S&har occurs. 

The above is all the information which I can give relative to the 
Geology of this district. My communication has already been extended 
beyond the limits which I at first proposed for myself, and my concluding 
observations shall be few and general. 

In the northern portion of this district, I stated that beds of marble 
and serpentine are found, excepting, however, the marble formation ol 
Kankarauli. I have not had an opportunity of examining these, and shall 
therefore content myself with remarking, that marble appears to be plen¬ 
tiful in the northern portions, both of Ajmer and Jay pur. 
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Regarding the metals of this district I can say but little. Dur¬ 
ing the past cold season, I had proceeded as far as Nasirabad, for 
the purpose of examining the Ajmer lead mines; but the sudden 
calls of duty obliged me to return to Udayapur, when 1 was on the very 
point of setting ont on my intended excursion. 1 can, therefore, give 
no additional information to what is already known respecting these 
mines,—and I must be satisfied with remarking, in a general way, 
that iron, copper, and lead, with which last silver has occasionally been 
found associated in small proportion, are the only metals which have as 
yet been found in this district. Several specimens were shown me as ores 
of antimony. These were, however, well-marked galena. There are 
several iron founderies in this district, and this last metal appears to be 
very abundant in the quartz rock formation. Copper mines, too, have, I 
believe, been worked near Matulal, in Macur. 

Several simple minerals have been mentioned as occurring in the 
granitic rocks, &c.; and in one variety of granite was observed a mineral 
which appeared to me to be Saussurite. 

The depth of the wells in the primitive portions of Central India 
appears to depend, in a great measure, on their being near, or-at a dis¬ 
tance from—the large lakes which abound in this district, and the remark 
first made by Shah Bvrer, (see Leyoen, and Erskine's translation of 
his life,) who appears to have been a wonderfully intelligent observer of 
nature, 1 have found to be perfectly correct. This remark is, that in the 
apparently dried-up courses of rivers and nullahs in India, water is uni¬ 
versally found close upon the surface, and that, even during the hottest 
periods of the year, it is only necessary to dig a few feet through the sand 
to reach it. We cannot but agree in the reflection made by this monarch 
upon stating the circumstance ; viz. that it presents an instance of one 
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of the many bountiful arrangements which Providence has made to sup¬ 
ply the wants of its creatures. Many of the wells at Nasirabad are 
eighty feet deep, and are bored through the solid rock—the water in these 
is generally brackish —and is impregnated with saline ingredients. The 
hill fort of Hamirgher, situated twenty-one miles north of Chitor, is 
remarkable on account of a well which has been bored, with infinite labour, 
through the solid rock from the summit to the very base of the low hill 
on which the fort is situated. This well is nearly two hundred feet deep. 

During the rains, springs of water may be seen, in many of the hilly 
districts, issuing from the rocks at the surface. 

In the north of Ajmer and Jay pur, the water is bad md brackish. 
In the southern districts it is excellent; and the only foreign ingredient 
which I have as yet detected in it is carbonate of lime, which sometimes 
exists in considerable proportion. A quantity of carbonic acidgass, in a 
free state, must, of course, exist in these waters, to enable them to hold 
the carbonate of lime in solution. 

With regard to the Geology of the primitive portion of the district to 
the west of the central range, I can say nothing. My specimens from the 
Serooec district are as follows, and these indicate a similar variety of 
rocks to those uhieh wc have described as occurring to the east of this 
range : ISt, a rock composed of pure black shining hornblende without 
intermixture; 2d, nearly the same as the above, but with associated 
felspar in small proportion ; 3d, a sienitic granite, approaching to primi¬ 
tive greenstone; 4th, a granitic rock, composed of flcsli-colored felspar, 
with a distinct foliated fracture, quartz in much smaller proportion, and of 
a white color, and steatite—the last in very small quantity, and in other 
specimens of the same rock entirely wanting—this granite is very large 
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granular ; 5th, a sienitic granite intermediate between small and large 
granular, and principally composed of grey felspar, with which is occa¬ 
sionally associated quartz and hornblende, the last in minute proportion— 
a soft reddish iron ochry-look ng substance occurs disseminated through 
this variety; Oth, a very compact primitive limestone, with a texture 
approaching tc that of calcareous spar ; 7th, a limestone, or marble of a 
whitish color, consisting of a congeries of minute grains, which appear to 
the naked eye rounded, but which seen through a microscope have an imper¬ 
fect crystalline structure, exhibiting sharp angles, ike.—through this rock 
is disseminated minute scales of a dark colored mica ; Oth, a limestone 
somewhat similar to the last, of a cream-color, composed of similar grains 
in a very loose state of aggregation, so that it crumbles into a fine calca¬ 
reous sand almost on being handled. Through this rock are disseminated 
Scales of an olive-colored mica, and a portion of it being thrown into nitric 
acid, the calcareous grains were completely dissolved with brisk efferves¬ 
cence, while there remained as a residuum, the scales of olive-colored 
mica, a few minute grains of quartz, and two other minerals, the nature of 
which I do not altogether understand. 

One occurred in small cylindrical grains, or rather six-sided prisms, me 
lateral planes of these not being very w ell marked, but at the same time 
sufficiently distinct to entitle them to the appellation of crystals. They 
are about the size ofa grain of rice, are slightly translucent, approaching to 
opaque—ofa white color and silky aspect they are soft, and easily crum¬ 
ble between the fingers into a fine silky looking powder. Before the 
blow pipe they acquire a more opaque degree of whiteness, and they do 
not appear to be affected by acids. Their specific gravity does not seem 
to exceed 2° 00, but from the smallness of the size of these crystals, and 
from their lightness, 1 could not ascertain this point with precision, not 
being possessed of scales sufficiently delicate. 



98 SKETCH OF THE GEOLOGY OF CENTRAL INDIA. 

The other is of an emerald-green color, translucent or semi-trans¬ 
parent. It occurs in grains or crystals or nearly a similar form to the 
last, but these are frequently flattened. It also occurs in small irregular 
grains which assume no distinct form. Like the first, it exhibits a very 
fine fibrous structure. It has a shining vitreous aspect—it is soft, so as to 
be scratched by the knife, but it is harder than the other; it is exceeding¬ 
ly brittle. Its fracture appears to be foliated, and its specific gravity 
does not exceed that of the last. When exposed to the flame of the blovr 
pipe, it acquires a darker color, and becomes opaque and friable. 

The above minerals appear to be more allied to apatite, than to any 
other substance w ith w hich 1 am acquainted. The friend to whom I am 
indebted for my specimens informed me, that the rock in which these 
are found occurs very abundantly on the route from Udayapvr to Serai. 
A specimen of this rock I have the pleasure to forward. 

I have only further to add, that I have found imbedded in hunker, 
in the valley of I'dayapur, several varieties of primitive rocks, which I 
have not yet been able to discover in situ. Of these I may mention one. 
It has a waved appearance, is close grained, almost compact, and consists 
of white quartz and a dark colored limestone, arranged in waved alternat¬ 
ing layers. It effervesces strongly with acids. A specimen of this rock 
I have also the pleasure to forward. 
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ON THE 

FORMULAE FOR CALCULATING 

AZIMUTH 

IN TRIGONOMETRICAL OPERATIONS. 


By Captain G. EVEREST, f.r.s. jm. a.s., &c. 

Surveyor C ennui ami Super intend (rut of the Great Trigonometrical Survey of India. 


In offering to the notire of the Society the accompanying paper, I beg 
to explain that my object is to put on record certain formulae, connected 
with the method generally employed in the Trigonometrical Surveys df 
England and of India, for determining Azimuths. 

Those of my readers, who are familiar with this subject, will remem¬ 
ber that the method in question consists in observing the difference of 
Azimuth between a fixed lamp of reference and some circumpolar star, 
generally « ursa- nnnoris, at the time of its greatest distance on the east 
or west side of the meridian. 

But to accomplish this, the actual time of the phenomenon, and 
frequently the altitude, require to be known, and as it is advisable to 
have these elements prepared for the occasion at leisure, the latitude of 
the place is sometimes drawn from data to which the final corrections 
have, not been applied, and the polar distance is perhaps taken from a 
catalogue which succeeding observations have shown to be imperfect. 

The second part of this paper is intended therefore to furnish formulae, 
whereby the observer may introduce the required corrections without 
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undergoing the toil and loss of time which would attend a formal recom- 
putation of the whole set of observations, and it will be remarked that 
the second hypothesis will also enable him to compute, by means of 
differences, a series for many nights in succession with quite as much 
correctness as if entire quantities had been used; for in that case he 
has only to calculate the elements for the first night, and substitute for 
the value of d b the increment or decrement of polar distance, the other 
terms being virtually constant. 

It has always, however, been an evil complained of in operations of 
this kind, that by limiting the case to the actual time of maximum 
Azimuth, the powers of the observer are much curtailed, because he can¬ 
not take more than one observation on the same night. 

If observations, taken intermediately between the culmination and 
the time of the greatest Azimuth, were to be computed with reference to 
the meridian, it would be indispensable to employ large quantities, and 
the operosc formula* of Spherical Trigonometry, which would not only be 
laborious, but would not give so much accuracy as the method of eliciting 
the correction by means of differential terms. 

I shall explain this better by a reference to 
the diagram in the margin, wherein the two Arcs 
ZS, ZS' arc drawn very near to each other, the 
angle PSZ being a right angle, and it will be seen 
immediately how much more easily and accurately 
the angle PZS' may be found by computing the 
partial angle SZS', and deducting it from PZS, 
than by direct computation of the entire angle 
PZS' itself. 

I have introduced, in the first part, the ordinary rules for com¬ 
puting the elements at the time of maximum, with the view that 
those, for whose use these formulae are intended, may not need a 
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reference to first principles, but have the subject in a complete state be¬ 
fore them; ar»c this must be my apology, should it be objected to me that 
I have presumed to intrude on the Society with propositions strictly 
elementary. 

B 


In any spherical triangle ABC if the sides 
b and c are constant, the sines of the angles B 
and C will attain their greatest values contempo¬ 
raneously. 



For the general equation is 

. sin b 
sin -B — sin G. - 7 —- 


in which the term sin B is obviously a maximum when sin C is a maxi¬ 


mum ; t. e. when Czz —or 90°. 

Is 


If, therefore, A represent the Pole, B the Zenith, and C the place 
of a circumpolar star; wnen the Azimuth which is represented by the 
angle B is a maximum, the angle of position at C will be a right angle : 


in that case, therefore, we have 

1 st. Cos A — tan b. cot . .(*) 

2 nd. sin B — - . (P) 

sin c 

3rd. Cos a -^11 .( 7 ) 

cos b 


But A represents the hour angle, or portion of sidereal space passed 
through between the instant of transit and that of maximum Azimuth ; 
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e, thecomplementof tbe Latitude of the place of observation, or c — ~— X; 

b, the polar distance of the star; li the angle of Az<mutli,and a the Zenith 
distance: consequently, if /' denote the seconds of sidereal time, the above 
equations are transformed to 

1st. cos (15./*) = ttm *’s Pol. dist X tun X 
2nd. Jin *’s Azimuth ~ sin *'s Pol. dist x sec X 
3rd. sin *'s Altitude = sec * s Pol. dist x sin x 

If f* be required in mean solar time, it must be diminished in the ratio 
h. m. s. 

of twenty-four hours to 23 56 4, or if r' denote the seconds in mean solar 

time, then we have Log. v* = Log. I' 4 . Const. f-9988127. 

The corrections are also easily obtained from tables constructed on 
purpose. 

To take an example of this; let the time of the greatest Western 
Azimuth of the Pole-star be required on the 4th May, 1830, in Latitude 
21 ° 0' 0*, as also the Azimuth and Altitude at that instant; the Longitude 
being 78° East of Greenwich, and the Polar distance 1* 36' O'. 

Hour Angle. Azimuth. Altitude. 

Pol. dist 1° 36' 0'_ tan 8,4461103- sin 8.4459109_ sec 0.'.>001094 

Lat.24° 0' 0*_fan 9,0485831-jec 0.0392698_ sin 9.6093133 


Space 89° 17'14/8 cos 8.0946934 sin 8.4852107 sin 9.6094827 


4 _|___ 

5 57 8.98 Siderial time. 


1" 45' 5/37| 21° 0' 35/83. 


He fraction -f 0 2 9.83. 


22 !6 3.19A.I2(* —o)atno<m- 

_ Appt. Altde 24 2 45.06. 

16 18 54.21 Sid. time ~ 

— 2 40.37 Corr“. 

16 16 13.84 Mean Solar Time 
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Hitherto the two sides b node have been supposed to be correctly known, 
but it is not an unusual occurrence that a series of observations is com¬ 
puted for many nights by anticipation, with a Latitude merely approx¬ 
imate, and that when this element comes to be finally determined, correc¬ 
tions must be applied to obviate the effects of errors which may thus have 
been introduced. 


To find these corrections, we must differentiate the equations M. (0). 
(y), with respect to c,- whence we obtain 


1 st. 


... tan b . tan b , 

■ sin A. a A — - —— . dc — -r -r - . dx 


dA= j a : .d* = -^ n 4-.dx 


Whence — d A — 


2 nd. eos B. d B — 


sin A. sm‘ c 
tan B 


sin a. sin c 


sm c. 

. dJ? ss tang B. tang X. dx 

sin c. dc 


. dx Ian B. sec X. dx 

= — sin B. cot c. dc 


sm c 
— sin b. cos c. dc 


3d. 


in a. da = 


sin 


cos b 


da = "- r. dc = 


dc 


a. cos b 


sin A. cos b 


— da = 


dx 


cos B 


— sec B. dx 


To show the application of these formulae, let it be supposed that the 
parts of the- triangle of greatest Azimuth had been computed previously 
for some nights in succession, with a Latitude deduced from an approx¬ 
imate series of triangles, and that instead of 24* V (f, as supposed in the 
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last example, the Latitude was found to be 24° V 4&". Then the operation 
will stand as follows : 

Haw Angle. Aisimuth. Altitude. 

dts 106" . Log_2-02110 .... Log 2.02110 .Log 2.02110 

li — 1 * 45 ' . Log tan St-48641 _Tan 2.48541 .Sec 0.00020 

X = 24° O' 0". Sec_ 0.03027 _Tut "I.G4858 . 

15 A. C. Log 8-82301 


Correctiona.0-"23 Log_ I 30078 l.'43..Log 015518 1’ 45."05 .. Log 202130 


H. , 

lit Compute... 10 1013-04 . 

H. M. S. 
Correct values 10 10 13-61 


1 45 5. 27 . 24 2 45- 00 


45 0, 70 . 24 4 30- 71 


it will also sometimes happen in practice, that a series of observa¬ 
tions, computed with data drawn from an imperfect catalogue of former 
years, requires to be corrected in conformity with the superior accuracy 
obtained by modern observers. In that case we must dilfcrentiate the 
same equations (a) (/3) (?) with respect to the Polar distance b, whence 
we obtain 

A 1 A COl C . . 

1 st — sin A.d A — —. d b 
cor b 


— d ^4 = f V , . d 6 - -r 

smA. cos b six 


sine. stn A . cos* b 


TT-d* 


Or — dA - -dJ = -° Sa , ■ d b - cot a. sec b. db 

sin a. cos b stna.cosb 


id cos B.d li¬ 


ens b. d b 


, „ cos b , , db 

d B = -2 — : — .db ——.— 2 -r 

cos H. sine sin A. cos X 


3d — sin a. da — 


cos c. sin b. d6 
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These formulae, computed similarly to the former examples, will stand 
as follow. Suppose that (instead of 1° 30'^ the polar distance had been 
1° 35' 34", but that all the observations had been already computed with 
the former of these values. Then we shall have d b — — 2 <V 


di = — 40'.Log 1.41407. Log 1.41407.Log 1.41407 

6= 1 ® .HI' O".Sec 0.00017.Ton 2.44611 

^ r - - — a ) = 24° 0' SO' .... Tin 1.04878.T»n 1.04878 

15 A.C. Log.2.82391 


A .Corec. 0.00003 

X = .Sec . 0.03027 

Corrections.0.77.. Log 1.88783 28®. HI.. Log 1.45427.. 0".32.. Log 1.50980 


1st. Compd. values,. 10 10 13.84 . 1* 45' 5 .37 . 24 2.45.00 


Correct ..10 10 14.01.1® 44' 30.01". 24 2.45.34 


In these computations, the correction is applied to the altitude with 
an opposite sign to that resulting from the formula 1 , as tine to the 
zenith distance, the rationale of which will be evident. The formula* will 
evidently shorten such operations considerably, because there is no 
necessity for more than five places of decimals, unless the variations are 
very large, and thus, if we retain all the quantities but the variation 
of b, we may compute a set of observations for many nights in succession, 
by merely finding the variations which are occasioned in the other parts. 

In the work on the great Meridional Arc of India, which the Court 
of Directors did me the honor to have printed, the principle is examined 
(vide page Hi),) of determining for how long periods some of the principal 
circumpolar stars of the Greenwich Catalogue may be considered as 
stationary in Azimuth; and it is therein shewn that, during the 2' 3/0 
preceding and subsequent to the Maximum, the variation in Azimuth of 
the Pole Star is only 0/25, a quantity less than the powers of our best 
instruments can be considered capable of detecting under ordinary 
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circumstances—similarly p Ursae Minoris and 0 Cephei, the two stars in 
former editions of the Nautical Almanack nearest the Pole, have 1' 23' 
and 1' 12* for their stationary periods. 

It must, however, be remarked, that the hypothesis on which that 
enquiry is conducted, is not rigorous ; for it is therein taken for granted 
that the same vertical circle will pass through the upper and lower 
positions of the star at equal lapses of time before and after the Maxi¬ 
mum, an assumption which, though perfectly admissible for the end 
therein proposed, will not bear to be much extended: as for instance, 
suppose it were required to determine what would be the effect on the 
Azimuth, if instead of the precise instant of the Maximum, the observa¬ 
tion were made at any time before or after that phenomenon. 

To this end let PSZ be the polar triangle 
right angled at S, and let S' be the place of a 
star before or after arriving at iS—Draw the 
Arcs of great Circles PS’, SS', ZS’, and then 
since PSS' is Isosceles, if a perpendicular were 
drawn from P on SS' it would divide that side, 
and also the angle at P into two equal and 
similar parts, so that if 3 P, 5 Z denote the 
variations of the hour angle and Azimuth, we 
have 



1 st. Tan PSS' = Cot £ » P Sec PS 
2 d. Sin i SS' = Sin * S P Sin PS 

Hence, because of the right angle at S, we have tin ZSS' = cos PSS' 
and cos ZSS' — — sin PSS' and therefore the general equation becomes 
(vide Woodhouse’s Trigon. page 157—3d edition). 
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tan i Z — 


cos PSS' 


But cos ZS z= 


cot SS'. sin ZS + sin PSS'. cos ZS 
cos PZ sin X 


cos PS cos PS 


i i rr r. COS Z COS Z 

And lane ZS — ——— .—— 
* cot PZ tan X 


/. sin ZS — 


cos Z. cos X 


cos PS 
Consequently tan i Z — 
cot PSS'. cos PS 


cos PSS'. cos PS 


cot Sis', cos Z. cos X 4- sin PSS'. sin X 

1 


sin X 


cos Z _ 

tanSS'. tan X. sin I*SS' * 
cos' PS. tan } iP 1 


sin X 


cos Z 


tan SS'. tun X. sin PSS 1 


+ 1 


Where the upper sign is used, when the star is nearer the Zenith, 
and the lower, when it is further removed from the Zenith than in the 
nosition of maximum. 


If in the former of these cases, which occurs in the Western Elonga¬ 
tion before, and in the Eastern after ariving at the maximum, we put 


/tan SS’. tan X. sin PSS'. 

(-v- = sin t 

\ cos A J 

wi * s w cos' I* s - , 

Then tan IZ — - : ---. tan * 6 

sin X 

_ cos' PS. tan i SP. tan" t . , - . . . 

Or i Z — -:-4 —- in seconds of a great circle 

sin X. sin 1" 
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that the same vertical circle will pass through the upper and lower 
positions of the star at equal lapses of time before and after the Maxi¬ 
mum, an assumption which, though perfectly admissible for the end 
therein proposed, will not bear to be much extended: as for instance, 
suppose it were required to determine what would be the effect on the 
Azimuth, if instead of the precise instant of the Maximum, the observa¬ 
tion were made at any time before or after that phenomenon. 

To this end let PSZ be the polar triangle 
right angled at S, and let S' be the place of a 
star before or after arriving at iS—Draw the 
Arcs of great Circles PS’, SS', ZS’, and then 
since PSS' is Isosceles, if a perpendicular were 
drawn from P on SS' it would divide that side, 
and also the angle at P into two equal and 
similar parts, so that if 3 P, 5 Z denote the 
variations of the hour angle and Azimuth, we 
have 



1 st. Tan PSS' = Cot £ » P Sec PS 
2 d. Sin i SS' = Sin * S P Sin PS 

Hence, because of the right angle at S, we have tin ZSS' = cos PSS' 
and cos ZSS' — — sin PSS' and therefore the general equation becomes 
(vide Woodhouse’s Trigon. page 157—3d edition). 



To find Zim PSS' and Sin PSS’ 


Pi 

< 

X 

w 
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Value of IZ below. Value of IZ abore. 
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It will now be in place to explain how the above formula can be 
simplified, to which purpose let S', S' be two positions of a circumpolar 
star st equ"' lapses of time before and after 


the maximum, so that the angles at P. viz. 
SPS', SPS' may be equal to each other; then 
if the diagonal S' S' of the Quadrilateral formed 
by the pole and the three positions of the star 
be drawn, it will intersect the other diagonal 
PS at right angles in o and the two vertical 
circles ZS\ ZS ' (produced in the former case) 
will intersect the great circle PS obliquely in 
two points o', o' making two very small tri¬ 
angles S' ot *, S' o o', each equal and similar 
to the other and right angled at o. Now in 
A ZS o' which is right angled at S, if we denote 



as before by t Z the variation or SZ o', we have 


1st sin SZ — cot l Z. tan So'-, or tan So' — sin SZ. tan i Z 

So' — sin SZ. t Z ss sin P. cos i Z .(a) 

2d cos o' — sin t Z. cos S Z 


^ - *) = cos SZ. S Z ; and s' = - - cos SZ. i Z 


3d o S'o' or Z. S' = cos SZ. iZ —•-(in A S'os') 

And since tan t / — sin S' o. tan S' 

Therefore os' — S' a. cos SZ. S Z . (R) 

Again in A PS'o right angled at o we have 

1st cos S P sz cot PS', tan P o\ but tan P o — tan ( PS — So) 


tan PS — tan S o 
1 -f- tan PS. tan S o 


zz cos S P. tan PS 
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S t— tan PS. (I —cos i P).coi' PS — sin 2 PS. sin* \ i P .( 7 ) 

2 nd Tan S'a — sin Ptr. tan iP — sin (P S—S «•). tan 3 P 
:. S' a — (sin PS — cos PS. S t). tan 3 P 
Or S' <r — sin PS. tan 3 P. (I — cot PS. S r) 

- sin PS. tan 3 P. (1-2. cos* PS. sin* £ 3 P) .(.) 

Combining now the equations (ft) and ( 1 ) we obtain 

sir' — sin PS. tan £ P. (1-2. cos’ PS. sin* £3 P) cos SZ. 3 Z 

~ tan PS. sin X. tan 3 P. (1-2. cos’ PS. sin* ^ 3 P). 3 Z. . (Q 


/, COS PZ sin X 

I because cos ZS — - n-cr— -mr I 

\ cos PS cos PS / 

and this value of ss 1 answers for both the upper and lower positions, 
being subtractive in the former, and additive in the latter, with respect 
to the mean distance Ss. 


We have, therefore, generally 

Ss — Ss* ss 1 .in which, by substituting the values given in Equa¬ 

tions (y) (a) (0 we get 

Sin 2 PS. tin• l P = (tin P. cot \ +tan PS. sin X. tan S P. (1-2. n>«> PS. tin- \ l P)).iX 


:. £Z = 


sin 2 PS. sin* J 3 P 


sin P. cost.. < 1 -f 




tan PS. tan X. tan 3 P. < 1 -l.cos* PS. sin*) 3 P) 


Sin P 


} 


_ sin 2 PS. sin* j 3 P _ 

™ sin P. cos X. (1 + cot P. tan 3 P. ( 1 — 2 . cos* PS. sin* J 3 P)) 


Ot»Z~ 


sin 2 PS. s in’ 4 3 P 
sin \". sin P. cos X 


( 1 + cot P. tan 3 P) nearly. 


Whence Log 3 Z — Log sin 2 PS -f 2 . Log. sin J, 3 P 4 - Log .cosec P 

4 - Log. ;c x 4 - A. C. Log. sin l" + M cot P. tan 3 P .Where M 

denotes tl e number 0.4342944819, &c. whose Log is 9.6377843, the upper 
or lower sign being used according as the star is above or below the 
maximum. 
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The nature of this last substitution has been shewn in my work on 
the measurement of an Arc of the Meridian (Page 61) and is simply thus. 

d (hy. log (1 + ar)) zs — ±d x.(lfx + x’ + x* + tec.) 

hy.log(l±ar) = +(a: + ~- + : y + ^ + &c.) 

Log(l±*)=±Jlf^(l + |+^ + £&c.) 

in which, when x is very small, the series converge so rapidly that all 
terms but the first may be omitted, and we get merely 

Log. (I + ar) = + M x. 

Therefore Log. (1 + cot P. tan i P) — + M. cot P. tan S P. 

Taking now the elements as in the first of the above instances, viz. 

PS = 1° 36' O'; i P = SO'; P — 89" 17' 14'.8; X = 24* O' O' 
the computation will be as follows: 

To find M. cot P. t ani P 

9.63778 

9.11943 Tan. 7" 30' 

8.09472 cot P 

6.85193 Log. of.+ 0.0007111 

2 PS ss 3* 12'O'.. Log. Sin . 8.7468015 

tiP = 3° 4P O'.. 2 Log .Sin. . . 7.6311970 

P Log. Cosec .. 0.0000336 

X = 24* O' 0' Log. Sec . 0.0392698 

Ar. Co. Log. Sin 1'. 5.3144251 

t Z above 54'. 005. 1.7324381 

i Z below 53'. 829 . 1.7310159 . 

The above computations will shew that the approximate method may 
be quite as much relied on as the more elaborate one, and it will appear 
on pursuing the enquiry that, for about thirty-two minutes prior and an 
equal lapse subsequent to the maximum, the Polar Star only varies one 
minute of space in Azimuth in the latitude of 24* V O'. 










V. 


MEMORANDUM 

ON 

THE FOSSIL SHELLS 

DISCOVERED IN THE HIMALAYAN MOUNTAINS. 

By the Rev. R. EVEREST. 


I have ventured to say a few words respecting the Fossils sent down 
from the Himalaya mountains, by Dr. Gerard, because nobody else is 
about to do so; and it is a pity that they should remain unnoticed. 

In doing this, I shall make no remark upon the general difficulty of 
identifying fossil shells with recent genera, as that is well known to any 
one who has ever attended to the subject. But to one who lives at a 
distance from means of reference, such a difficulty is greatly increased, 
since, in many cases, he must speak from recollection alone. Upon this 
ground I must plead for the indulgence of my hearers towards such 
imperfections as they may observe in this paper—my purpose in entering 
upon a branch of Geology, not the most familiar to me, will have been 
answered, if I can induce others to join in a pursuit, which circumstances 
will no longer permit me to continue. 
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To begin, then, with the specimens before us, in the relative order of 
their abundance, we have—- 

1. First. Numerous blocks of a compact greyish silicious limestone, 
(in some parts passing to sandstone), filled with shells and casts of a 
small inequivalve, eared bivalve, which do not appear to differ from the 
small Pecteus imbedded in the lias blocks from the Coast of Yorkshire, 
which we owe to the liberality of Mr. Taylor. The shells themselves are 
changed to a black colour as they are in that formation. As they are 
mostly mutilated, it is not improbable that other genera may hereafter be 
distinguished among them. One such I have recognized- a very transverse 
bivalve, not unlike Unio, in external shape—but, as I could only find one 
cast of it, 1 have not attempted to give it a name—with this genus of 
Pecteus must be ranged two mutilated specimens, which weJiave in a dark 
bluish black limestone, and which are only a variety —possibly only the 
same shell in a more advanced stage of growth—The generic marks are 
wanting, but by comparing them with a beautiful English specimen of 
Mr. Taylor's, no doubt can remain as to their identity. 

Cndly. Many specimens of an inequivalved bivalve, which has been 
changed into a white crystalline substance, nqd from its hardness pro¬ 
bably contains much silex. They are imbedded in a hard slate of the 
same bluish black colour, which is covered with small scales of mica— 
They appear to belong to the genus Producta, and may be compared with 
a specimen of the same genus, the Producta Scotica, in Mr. Calder’s 
collection, and a plate of the same in Urf.’s Geology. They differ some¬ 
what from this species by the greater flatness of the lower valve; but 
as most of the spec iniens have suffered from compression, it is difficult to 
ascertain what has been their natural shape. Besides the larger and 
more abundant variety of which we have been speaking, there is a 
smaller one, or rather some easts of one of its valves—the depression in 
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it is large and deep, and towards the beak appears some trace of a 
perforation and its operculum. 

3rdly. Several pieces of a bluish grey limestone, abounding in a 
plaited variety of Terebratula, and loose specimens of the same. The 
limestone has imbedded in it some calc spar of a yellowish white colour, 
and is partly covered with a yellowish earthy powder, of the colour we see 
in the oolitic countries. The shells themselves differ little from those 
which are so abundant in the inferior oolite near Bath and elsewhere, and 
which may be referred to in Mr. Caldeb's collection—but without Mr. 
Sowkrby’s Mineral Conchology to refer to, it is impossible to add the 
specilic name. These blocks also contain No. 1. 

4thly. Many specimens of an equivalve trr.nsverse bivalve, trans¬ 
versely striated, and the valves crenulated on their interior margin. Its 
external shape is similar to that of a short variety of Unio, to which it nas 
been referred, but internally it has no lateral teeth, nor any remnant of a 
lateral ridge ; and though the specimens we have are too much worn to 
shew what the teeth really were, they appear to have been situated 
directly under the beak. Its flattened and acute beaks, and form ap¬ 
proaching to that of a variety of fossil Trigonia of Mr. Caloer's, once 
made me incline to reckon it with that genus. Its shape too a good deal 
resembles a Venus, but its characters are not satisfactorily made out, 
and I have not access to any plate or specimen with which 1 can identify 
it. With these are some larger specimens of a triangular or rather subor- 
bicular bivalve, which, in external shape, resembles.a Venus or perhaps 
a Donax, but the characters are nut distinct enough for me to venture to 
give it a name. 


Sthly. Several small very transverse equivalved bivalves, about 
three-fourths of an inch in length, and of a black colour , they appear to 
be of the genus Modiola. 

i E 
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Othly. Two small specimens of a variety of Area. 

7thly. Several specimens of Ammonites in black limestone, some¬ 
times filled inside with calcareous spar. There is but one species distin¬ 
guishable, which appears to differ little, if at all, from one of the English 
ones of Mr. Taylor ; but unfortunately I cannot refer to any book for the 
specific name. 

8thly. Belemnites—the furrow appears to be rather more distinctly 
marked than in the English ones. 

Othly. Orthoceratites, which do not appear to differ from tbe English 
ones. 


lOthly. A cast of a Patelliform shell—but whether one of the real 
Patellae, or the upper valve of one of those species of bivalves, which have 
sometimes been confounded with them, we have no means of determining. 
Its shape is conical, and somewhat obliquely curved. 

Ilthly. Two fragments of the back of a testudinous animal, also in 
black limestone. 


We have, then, genera determined—of 

BIVALVES. 

Products. 

Terebratula. 

Pecten. 

Modiola. 

Area. 

Total. 

Altogether,..... 5 

Undetermined. 4 

Total,.9 


UNIVALVES. 

Ammonites. 

Orthoceratites. 

Belemnites. 


Three Genera. 


Testudinous remains of one kind. 
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Let us no# see to what conclusions these genera will lead us. 

The three Chambered Univalves are all extinct genera, and the Nau¬ 
tilus, the only living analogue to the Ammonite, is wanting. 

Of these, the Orthoceratite has usually been considered the oldest, 
and characteristic of the so-called transition strata. 

The Ammonite comes next in age, and occurring sparingly in the 
transition strata, is deposited most abundantly in the Lias, and the other 
more ancient of the secondary strata; then becoming more and more rare, 
as we auvance to more recent deposits, it finally disappears in the strata 
above the chalk, that go by the name of Tertiary. 

The species we have, though apparently coinciding with one of Mr. 
Taylor’s from the Lias of Yorkshire, is not one of tnose which has the 
siphuncle in a raised ridge between two furrows, which are considered as 
characteristic of this formation. I have several times looked for such 
among the Saiagrams in the Hindoo temples, but without success. 

The Belemnite is found from the Lias to the Chalk, both inclusive. 

On the other hand, the Spiral Univalves, which increase both in num¬ 
ber and variety as we approach the more recent formations, are with us 
totally wanting, nor have we as yet any other indications of such formations. 

Of the bivalves, the Products is considered as the oldest genus, and 
is most abundant in the transition formation. The slate in which it is 
imbedded, is probably, therefore, a transition slate—the same which is 
the repository of the Orthoceratite. 



ns 


MEMOKANDUM ON THE 


The Terebratula, if not identical in species with those of Mr. 
Caldi b, from the lower Oolite, is very similar to them, and totally 
unlike any from the newer formations. 

The Pectens, at least the larger variety, do not appear to differ trom 
the common Scallop which is found recent. 

The shell 1 have called Trigonia, cannot be compared with any fossil 
specimens we have. The genus is, with one exception, a fossil one. 

The generic characters of the Area and Modiola, are tolerably well 
marked ; but we have neither plate nor specimen from which to identify 
the species. They are not, however, important. 

The testudinous remains seem to point to the Lias, or some of the 
secondary strata, that being the deposit in which the remains of reptiles 
occur most abundantly. In strata more ancient than that, they are nearly 
(if not quite) wanting. It is to be hoped that the spot where these iwo 
fragments were found, will be again diligently searched—-we must forbear 
from indulging m too sanguine anticipations but such asearch can hardly 
fail of rewarding us with some interesting discoveries. 

Now, if we consider the Orthoceratite and Produeta, as peculiar to 
one formation, and the rest of our specimens to another, (the Terebratula, 
perhaps, being common to both) and compare them with the list of Lias 
fossils, we have,— of Chambered Univalves—two genera the same, out of 
four, viz. Ammonites and Belemnites—of Bivalves, four genera the same 
out of eighteen; viz. Terebratula, Pec ten. Area, Modiola. Wc may 
now then consider this position as established. That (here exist, in the 
Himalaya range, strata analogous to the early secondary and transition 
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formations of Europe. How far that analogy may be complete or not, 
must be left to future investigation. But the wonderful similitude which 
lias, as yet, obtained in fossils from different parts of the world, leads 
us to hope that the principal members of each group will be hereafter 
supplied. While we are on the subject, however, we cannot so well 
estimate the real amount of progress we have made in the question, as by 
recapitulating, on the other hand, the leading names in each division, 
which are as yet wanting to us. 

We have nothing either of Eucrinal or Coralline remains, which are 
so abundant in the transition rocks of Europe, that their absence here 
seems remarkable. We have none of tV>e extinct order of Trilobites, the 
presence of which is peculiar to transition rocks. 

We have no remains of the two vast marine lizards, the Icthyosaurus 
and Plesiosaurus, the bones of which every where mark the presence of 
Lias, and (I speak from authority in saying) without the discovery of 
which, we must not attempt to use the term Lias in Indian Geology. We 
have neither of the three shells, the Ammonites Bucklandi, the Piagios- 
toma Gigantea, and the Gryphiea Incurvn, which are also considered as 
characteristic of that formation—nor have we any of its vegetable remains, 
which are both uumerous and interesting. 

1 must now again beg to be excused for the imperfections of this 
paper, and the great length to which it has been extended. 


Note.—S ince the above wav written. Sir Ciiari.es Grey has kindly pul into my 
hands some specimens be has just received from the same quarter —Mr James I’hinaEP 
has also favoured me iu a similar manner.—They are as follows: 

1st. The two former varieties of the shell 1 have called Producui-a * ' rd, which 
can hardly be said to differ from the Products Scotiea—besides what appears to '.lave been 
the larger valve of an ineqmvalved Bivalve resembling Producta the hinge straight 
linear; the fbell marked witb longitudinal furrows and ridges, and a deep depression, as 

2 P 
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in that penus, hut at the beak is a large angular sinua, with what appears to have been 
an operculum, nud ligament protruding—Spirifer ? 

8dl\. Terebratulite.s, the same as the others, and at least two new varieties—both of 
the plaited kind. 

3dly. Repetitions of the Bivalve, I have before spoken of under the third head. 

4thly. Another impression of the same patelliform shell, as before mentioned. 

Stilly. Three broken pieces of a Bivalve shell, greatly resembling the looceramas, 
for which I beg to refer to the plates in Cut 1 LR. 

6thly. Two casts of Spiral Univalves, which appear to be Cirrus and Helix. The 
first muy be compared with a Cirrus from the chalk, and another from the Oolite forma¬ 
tion in Mr. Caldi r's collection, so that ijo doubt can well be ontertainedas to the name.— 
The one I have called Helix resembles the elongated variety, which is called Helix 
vivipara. It may he compared with the easts in a piece of Petworth marble, which we 
have. But there are other genera to winch it mav be ascribed—perhaps Turbo, for one of 
them. 

Ttlily. Two small varieties of Ammonites, both much worn, and we have nothing 
to refer to for the specific name. One of them has the Siphuncle in a raised ridge at the 
back There is also an imperfect cast of another variety, which hardly differs from one 
we have from Mr. Taylor, and named in his list as Ammonites Planicosta. We have 
then here three additional genera. Cirrus, Helix, and Inocerainus (?)—besides u multi¬ 
tude of broken and worn impressious of the genera before described, with many nodules 
of what I believe to he cluy ironstone; but I have not yet had time to examine them 
sufficiently. 

Dr. Falconer has found the specific gravity of some of these nodules to be 3 00, 
or nearly so; one or two that we have broken, have shewn us Ammonites covered with 
a thin coating of Pyrites. It would always be better for Collectors to split these nodules 
as carefully as possible, when they are found, instead of sending them down whole. 


REFERENCE TO PLATES I. AND II. OF HIMALAYAN FOSSIL SHELLS. 


Figure 1. Orbuhte. Fig 2 Ammonite. Fig. 3. Ditto. Fig. 4. Orbulite. Fig. 3. Ammonite. 
Fig. 6. Ammonite. Fig. 7. Orbulite. Fig. 8. Helix or Turbo T This Shell is represented rather too 
large in the drawing. Fig. 9. Oobulite. Fig. 10. Cast of a Patelliform Shell. Fig. 11. a, b, Cirrus. 
Fig. 12 Turrittella ! Fig. 13. Undetermined. Fig. 14—15. Orthoceratites. Fig. 16—17. Belemnites. 
Fig. 18. Fragment of a Testudo Fig. 10. Fragment of Roek, containing small mutilated Pectens 
and other genera imbedded. Fig. 20—21. Pectens. Fig. 22—23. Product*. Fig. 21. Terebratuia. 
Fig. 25. Spirifer’ Fig. 26. a, b, e, d, The supposed Umo. Fig. 27. Area. Fig. 28. a, b, and c, 
Modiola. Fig. 29. Fiagment of an luoceramus ? 






VI. 


ON THE 

GEOLOGY OF THE PENINSULA. 

Bi LIEUT. S. CHARTERS MACPHERSON, 

Madras Surrey Department. 


The mountain groups of the Indian Peninsula, which are referrible in 
their immediate connections to either line of Ghauts, may, in the compre¬ 
hensive assignment of relations, he regarded as the continuation of the 
branches, which, depending from the Himalayan chain, merge in the plains 
of the (! an yes and of Snide respectively. And apart from considerations 
of geographical analog), the region which declines on the north of the 
Ktslntt, from Hydra bad towards the Coromandel shore, hears similitudes 
in superficial character to the mountain lines to which it claims affinity. 
This tract of the eastern declension of the Peninsula is Primary; and 
as the oveilying formation which proximately succeeds it to the West¬ 
ward, prevails thence continuously to the opposite coast, it presents 
complete, the series of that division displayed in this parallel. Its plane 
is eminently traversed by the three hilly ranges of Ilydrabad, Conda- 
pilly, and Beizwarra, which, with a general north-westerly direction, 
tend to convergence to the southw ard. And of these, the Granitic district, 
with its subordinates, embraces the first, extending to the rise of the 
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Gneiss facade, which forms the western exposure of the second. The 
gneiss tract passing to quartz rock, the latter alone constitutes the 
eastern quarter of the Condapilly cluster, while the final range of Beiz- 
tvarra displays an extended deposit of argillaceous schist. The granitic 
region exhibits in external configuration the ordinary classes of unstrati¬ 
fied forms, but with diffuse variations in mineral character, presents no 
determinate connections betwixt the elementary modifications, and those 
of arrangement in mass. The rocky environs of Hydrabad, chiefly assum¬ 
ing the concretionary structure in prisms, vertically superadded to the 
bedded form, afford in disintegration a wild assemblage of columnar 
and cubic fragments: while irregular masses, wasting with spheroidal 
contours, rise in the same vicinity m isolated mountain domes. The range 
appears boldly compacted beyond the plain of the Mmissy, one of the 
numerous feeders of the Kistna, which here reticulate the land, and with 
slight elementary alteration, a laminal tendency is there combined with 
the bedded structure. The rock is of quartz and felspar, and usually 
porphyritic by additional crystals of the latter, and the hue and lustre of 
the quartz communicate a reddish shade, while neither the rounded nor 
the prismatically fragmented characters continue eminent. In the course 
of au easterly transverse valley, the bedded masses persisting upon a 
cumbrous scale, the contours incline again to asperity and opake quartz, 
with hornblende, slightly diffused, predominates in the rock. Beyond 
Smgaveram appear extensive masses of magnetic iron ore, now level 
with the granite of the valley, now irregularly emerging over it, and 
accompanied by beds of hornblende schist,* usual to this mineral in 
primary sites. The approach to MalAapiir is marked by a general 
retirement of the hills, and an abraded rock overhangs the hamlet as a 
large cupola upon the plain, alone affecting departure from the rugged 


By thib term varieties of Primitive Greenstone are conveniently comprehended. 
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outlines around ; and the transection of the range being here com¬ 
pleted, its eastern flank extends with well-sustained elevation to the 
southward, presenting no marked deviation from the lately prevalent 
characters of form. Rare granitic elevations are scattered over the plain 
that succeeds, and beyond a tract of arid and incumbered wastes, the sur¬ 
face becomes less difficult, with altered vegetable characters : hornblende 
schist alternates with quartz rock in wide undulating courses, and around 
Narhailpilly, the granite is determined to crested summits, by the occa¬ 
sionally vertical disposition of its beds. Towards Hytepimali, a sur¬ 
face simply granitic, recurs, and felspar predominates in the soil of Soria- 
pct , while hornblende rock indistinctly stratified, and of massive texture, 
occasionally appears. The low, bald hills of Mungal , Kamerabandu, 
and Godaveram, slowly descending through laminar disintcgiatiou to the 
superficial level, are frequently pervaded by veins of jasper, becoming 
cancellated on exposure: the materials of the rock and vein frequently 
intermingle, but while fragments of the former appear isolated in 
the latter, both unaltered and in the grades of assimilation, the 
venous matter does not occur under reciprocal circumstances in the 
rock. In some instances also, through combination of the prismatic 
and bedded structures, the granitic surfaces in this district afford 
tabular aggregations of short vertical prisms, the rock varying in 
constitution betwixt gneiss and splintery hornstone. Immediately 
beyond the village of Shnir Mahomed Pet , an extensive mass of Horn¬ 
blende Schist is disposed in the great basis both in the manner of inter¬ 
ference and of superposition : and a stream bed displays the course ol an 
emanating vein in which the felspar, having by this accident of locality, 
passed to some depth to the state of indurated clay, this portion of the 
rock assumes the constitution and aspect of grey wacke, while the prin¬ 
cipal bed remains an unaltered greenstone. In the water-course were 
abundant fragments of compact red iron ore, rolled, with vitreous glaze, 
with occasional masses of calcareous tufa and of quartz, including 

2 o 
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crystals of white and flesh-red felspar, while the granite aronnd deviates 
widely into constitutional irregularities. In the neighbourhood of Nan- 
difrnmah , primary limestone, chlorite schist, and white slaty quarts rock 
appear. I could not ascertain the site in mass of the first, a clear lime¬ 
stone, laminated by argillaceous matter. The chlorite occurred foliated 
with laminar quartz, and scaly with greyish compact felspar and 
quartz ■ the former variety being of the usual splendent lustre, and occa¬ 
sionally tending to talcose schist. Beyond the village, hornblende and 
chlorite schists appeared in frequent alternation, and affording rich cotton 
moulds : the strata of hornblende were nearly vertical, while the incli¬ 
nation of the chlorite was under 70“; and a general conformity was 
maintained, amid the frequent intrusion of granitic veins, until approach¬ 
ing the western face of the CondapiUy group, which rises boldly interchain¬ 
ed near Parteal: these tracts are lost in an alluvial plain. The great 
alluvium of Jillorc, extending betwixt the Deltas of the Kistnn and the 
Godaven/, here intervenes; and it exhibits a layer of superficial mould 
resting upon an uniform calcareous deposit which covers an apparently 
co-extensive bed affording the diamond, and in the neighbourhood of 
Partrut, formerly the most productive of the jewel-bearing spots of Gol- 
ronda. The superficial mould is fifteen feet, the tufaceous bed being 
from five to six, and the diamond stratum of two feet in average thick¬ 
ness. The obscurity attached to the geoguostiea.1 history of the diamond, 
seems rather to result from inadequate investigation in persistent geology, 
than front the perplexed texture of alluvial connections with which it is 
frequently associated. Its common matrix in India and Brazil appears 
to he a superior sandstone conglomerate, closely affined to the carboni¬ 
ferous rocks, and to this scries the transported alluvia w hich afford the 
gem may he uniformly assigned. But while its rich depository in this 
tract does not essentially difl'er in constitution from the diamond rocks of 
either hemisphere, it is remarkable that the overlying tufaceous bed, in 
which the gem lias never appeared, is identical with it in materials, only 
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with the addition of calcareous cement. Pebbles of sandstone, hornstone, 
quartz, jasper, and flint, with fragments of occasional rocks, epidote, 
and abundant ferruginous sand constitute the common materials, wmle 
both the Kistna and its supplementary streams are extensively connected 
both with thegangue rock of the diamond, and with calcareous tracts. The 
western facade of the CondapiUy range is of granitic gneiss, in which 
the ordinary ingredients are disposed in compact parallelism, and the 
strata inclined at an angle of about 75°. 'A detached mass displayed the 
intrusion of a vein of hornblende, into which the granitic matter entered 
in the filamentous form, and fragments of ochry iron ore appeared scat¬ 
tered on the surface. A double breach through this and the lieizwarra line 
of hills, here aff ords to the Kiutna an escape towards the ocean, the farther 
chasm appearing in the outline of argillaceous summits. Along the north¬ 
ern base of the first intersection, the gneiss passes by the gradual demis¬ 
sion of mica to quartz rock, and upon the side of Condapilly the range 
presents an aspect essentially different from that of its opposite quarter. 
The summits were there obtusely moulded, their contours broken or 
minutely serrated, and marked by projections ol' rifty cliff: the 
transverse valleys rare, and deeply channelled by mountain streams. 
Here the outlines are rounded upon scales of great radii, the fragmented 
aspect is wanting, and the mountain flanks are projected not in preci¬ 
pice or cliff, but in broad smooth convexities, the side shields broken 
by transverse steppes, and cumbered by dependant verdure. The 
quartz rock, of quartz and felspar, affords numerous varieties of white, 
reddish, and purpled hues. It is inclined at an angle somewhat more 
acute than the subjacent gneiss, while the presence and frequent predo¬ 
minance of garnets in the mass extensively modify its characters, and 
the alamandinc or precious garnet, variously tinged, and of superior size 
and beauty, is found abundantly in the mountain torrents. The range of 
Heizirarra rises with soft outline beyond a succeeding plain. It consists 
of coarse and thickly fissile argillaceous schist, inclined in texture and 
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stratification at angles of from 40° to 60°, and through the exuberant pre¬ 
sence of unessential minerals, both venous and imbedded, it exhibits modi¬ 
fications of rich variety. The rock is sometimes simply constituted of 
argillaceous matter with mica and quartz sand: in other portions it is 
traversed in ail directions by filamentous veins of pearl and calcareous 
spars, and through these often affects the minute contortions proper to 
gneiss, while veins of spathose iron, and of quartz rock, frequently occur, 
disposed indifferently to the lines of stratification. To the southward, 
at Cottah Mangalagherry, it embraces, at least from one quarter, an elevat. 
ed and indistinctly stratified mass of serpentine, which sole example of 
this rock observed in India, I regret to say, remains unexplored ; and 
assuming to the eastward a more uniform and finely schistose character, 
it sinks gradually to the ocean level, upon the whole affording the 
annexed constitutional and Mineral Synopsis. 

1. Argillaceous Schist, schistose from the disposition of Mica and 

Garnets. 

2. Argillaceous Schist, laminated by Pearl Spar and Staurolite. 

3. Argillaceous Schist laminar, with pink Garnets, Staurolite, and 

Mica. 

4. Argillaceous Schist with Staurolite, Tremolite, and Mica. 

5. With Staurolite and Kyanite. 

6. Mass of Tremolite with Kyanite Garnets and Prismatic Mica. 

7. Quartz vein with Calcareous spar and pink Garnets. 

8. Quartz vein with Garnets in ranges, and perhaps Epidote. 

9. Vein of Tremolite with Brown spar. 

10. Mass of Tremolite, Staurolite, and Pearl spar. 

11. White Pearl spar including Bitter spar. 

12. Flesh-red Pearl spar 

13. Vein of striated Spathose Iron, with Crystals of Pearl spar. 

14. Vein of purplish Quartz with Garnets. 
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The relations of succession and of magnitude presented by this 
section may be deemed to exhibit in the extreme, the prevailing principles 
of Geological Association. The space occupied by granite, ■with its subor¬ 
dinates, equals three-fifths of the whole, one-fifth of the remainder being 
allotted to gneiss and quartz rock, while argillaceous schist, upon the 
superior limit of the series, equals the two last in extension. The 
transition of granite to gneiss by the intervention of limestone, horn¬ 
blende, and chlorite, and the apparently direct passage of quartz to 
argillaceous rock, are in the spirit of somewhat difficult graduation, but 
the methods of opproximation and of transition, here less perfectly dis¬ 
played, must appear under circumstances of the highest illustrative 
interest at the points of interference and collision of the series in its 
southward progress. In respect to economical suggestions which arise 
upon first regard, the extended plain of Ellorc , the Oolconda. of proverb, 
yet remains intact, being but slightly encroached upon in the vicinage 
of a few hamlets, and if this tract may not again degrade the jewels of 
the earth, the speculation of glittering increase from it may be entertained. 
The groups of Coudapilly and Jieizwarra arc stored with gems of the 
garnet tribe, and with varied mineral abundance, while the coast hills to 
the southward appear distributed in rich and nearly continuous succes¬ 
sions of metallic deposits. And while nations of the western hemisphere 
assume a new genius through enterprise, awaked by their mineral advan¬ 
tages, the physical developement of these regions may conduce no less 
eminently to the interests of science and of wealth. 
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ON THE MIGRATION 

or THE 

NATATORES AND GRALLATORES, 

AS OBSERVED AT KATHMANDl. 


By B. II. HODGSON, Esq. 

ACTING RESIDENT A I EATHMANDU 


Thk migration of birds is a subject which has, I believe, occupied and 
puzzled the observers of nature in all ages of the world, and which is still 
but very imperfectly understood. Were persons in various parts of the 
globe—particularly in such situations as are favorable for observation—to 
note down and make known the results of their individual experience, we 
might hope more speedily to arrive at the solution of the mystery, by 
collecting and comparing such scattered records. With this view, I beg 
leave to lay before the Society the general results of my observation of 
migrating birds, in the valley of Nepal; and, as the grallatorial and nata¬ 
torial tribes would seem to be, at least in the East, the great and steady 
nomadic class of the feathered creation, I shall, in this paper, confine 
myself to them. 
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The valley of Nepal in shape resembles an oval or rather a diamond, 
being about sixteen miles in largest diameter either way ; it is situated 
about half way between the plains of India and those of Tibet. The 
distribution of its seasons is essentially tropical ; the valley is ele¬ 
vated above the sea about four thousand five hundred feet; and conse¬ 
quently the temperature averages from ten to fiiteen degrees of Fahrenheit 
lower than that of India generally’. The face of the valley is bare of 
wood and jungle, nearly every part ol’ it being under cultivation, of 
which rice forms the principal object; and its population is dense 
and spread, at all times, for one industrious purpose or other, ovei 
almost every field in the country. The streams are numerous, but 
shallow: permanent swamps are small, but frequent. From the 
middle of November to the middle of February, little ram falls; the 
soil becomes gradually and slowly desiccated of its autumnal load of 
moisture; the cold is too severe for winter crops ; and, hardly a blade of 
grass, or of corn, is then to be seen. From the middle of February to the 
middle of June, various sorts of mustard, pulse, field vegetables, and 
wheat, successively occupy a dry soil, which is daily growing drier; the 
accessions of fresh moisture from the spring showers being very moderate. 
From July <o October the rains prevail, and rice covers the greatest part 
of the land; which is flooded, to promote its growth, in the earlier menths: 
in the later months, as the successive crops ripen, the water is no longer 
artificially retained. The rains terminate usually with September: the 
first crops of rice are cut in the earlier fortnight of that month ; and the 
last crops in the concluding half of October. 

These general remarks upon the position, climate, and aspect of the 
valley will prevent the necessity of reiteration, by showing at once how far 
the country is fitted for the temporary abode of the birds alluded to : and, 
with reference to those birds which seek and frequent moist woods, it is only 
necessary to add, that the mountains confining the valley are covered every 
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where with the noblest garniture of trees and copiously supplied with rills, 
and with mould saturated by these rills. 

The wading and natatorial birds, generally, make a mere stage 
of the valley, on their way to and from the vast plains of India and 
Tibet, the valley being too small, dry, open, and populous for their 
taste—especially that of the larger ones. Some, however, stay with 
us for a longer or shorter time, in their vernal and autumnal migra¬ 
tions : and some, again, remain with us throughout that large por¬ 
tion of the year, in which the climate is congenial to their habits. Of 
all of them, the seasons of arrival, both from the north and from the 
south, are marked with precision; and I am led to conclude from what 
I have observed here, that the mass of the grallatores and swimmers are 
found in the plains of India, only during the cold months : for they all 
arrive in the valley of Nepal, from the north, towards and at the close of 
the rains; and all as regularly re-appear from the south, upon, or soon 
after the accession of the hot weather. In my enumeration of them, 
therefore, I shall divide the birds into the three classes, above indicated. 

1st.—Of such as usually pass over the valley, seldom alighting, and 
only for a few hours. 

2d.—Of such as alight and stay with us for a fe wdays; or, at most, weeks. 

3d.—Of such as seem to seek the valley—not as a caravansary 
merely, or house of call, for momentary or temporary sojourn in, on their 
way to some remoter abode—but, as their permanent dwelling place 
for the entire season. 

A 4th class will be constituted of such as do not appear to migrate 
at all; notwithstanding that all their nearest kindred (so to speak,) do s« 
regularly. 
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Class I. embraces— 

Order Natatores. Family Anatidte; the Genera Cygnus and Anser: 
Family Colymbidte, none; Family Alcadee, none. Family Pelecanidee ; 
the Genera Phalacroearax and Pelecanus. Family Laridte; the Genera 
Sterna, Viralva, and Lams. 

Order Graeeatores. Family Gruidee ; the Genus Grus. Family Ar- 
deidee; the Genera Ardea, Phenicopterus, Platalea, Ciconia, Myc- 
teria, Anastonus, Tantalus. Family Scolopacidce, none. Family Pallida: 
the Genus Glareota. Family Charadriadce ; the Genera Himantopus and 
CEdicnemus. 

Class II. embraces— 

Order Natatores. Family Anatidte ; the following Genera, Tadonra, 
Anas, Hynchaspis, Dafila, Mareca, Querquedula, Merganser, Truligula. 
Family Colymbidte , none. Family Alcadee, none. Family Pelecanidee ; 
the Genera Phalacrocorax and Pelecanus. 

Order Grallatores. Family Gruidee; the Genus Anthropoides. 
Family Ardeidte, the Genus Ibis. Family Scolopacidtc; the Genera 
Numerius, Limicula, Recurvirostra.Limosa, Rhynchoea, Pelinda, Phaeopus. 
Family Rallidce; the Genera Rallus, Parra, Gallinula, Porphyrio, Fulica. 
Family Charadriad.ee; the Genera Erolia, Squatarola, Vanellus, Charadrius. 

Class III. embraces— 

Order Natatores. Family Anatidte; the Genera Mareca and Quer¬ 
quedula, (where protected, as in some sacred Tanks). Family Colymbidte, 
none. Family Alcada:, none. Family Pelecanidee, none. 

2 i 
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Order Grallatorcs. Family Graidw, none. Family Ardeidte, the 
Genera Botaurus, Ardoea, Ciconia, Family Sculapacidee, the Genera Gal- 
linago and Scolopax. Family Rallidie; the Genera Parra, Rallus, and 
Fuliea, (where protected, in holy Tanks). Family Charadriadte; the 
Genus Charadrius, (one small species of.) 

Class IV. embraces— 

Order Natatores, none. 

Order Grallatores. Family Gmidce, none. Family Ardeidte; the 
Genera Ardea, (small species, or Baklas, only) and Nycticorax. Family 
Scolopacidtr: the Genera Totanus ! and Gallinago ? Family Railidee; the 
Genus Rallus. Family Charadriad/r the Genus Vanellus, one species 
—the Tithiri. 

N. B.—The notes of interrogation merely denote a doubt whether 
the Genera so indicated belong to Class III or IV. 

REMARKS UPON TIIF. ABOVE ENUMERATION. 

The Grallatorial and Natatorial birds begin to arrive, from the 
North, towards the close of August, and continue arriving till the middle 
of September. The first to appear are the common snipe, and jack 
snipe, and Rhynchoea ; next, the Scolopaceous waders (except the wood¬ 
cock ;) next, the great birds of the heron and stork, and crane families ; 
then, the Natatores ; and lastly, the woodcocks, which do not reach us 
till November. The time of the re-appearance of these birds, from the 
South, is the beginning of March ; and they go on arriving, till the mid¬ 
dle of May. The first which thus return to us are the snipes ; then come 
the teal and ducks; tben the large Natatores; and lastly, the great 
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cranes and storks. It v ill be noticed that the Grallatores which visit us, 
or pass over us, are much more numerous than the Natatores ; and, unless 
I am mistaken, observation in the plains of India would satisfactorily 
prove that this is a just and decisive indication of the superior prevalence 
of wading over swimming birds in that extensive region. India, I fancy 
is too hot for the taste of the Natatores—a great majority of which seem 
to affect arctic regions, or, at least, high latitudes: I throw out the 
remark for canvass and enquiry : and, for fear I should deceive any one 
by the display of the Genus ‘ Cygnus’ at the head of my list, I must 
add that the wild swan was never seen here but once, in the mid winter 
of 1828. when the apparition suggested a new version of the well known 
hexameter — 

‘ Kara avi,s m terris, alboque simillima cy^no.’ 


Such a biid is never seen, I suppose, in the plains of India ? 

None of the Natatores stay with us, beyond a week or two, in autumn 
(when the rice fields tempt them) or beyond a few days, in spring; 
except the teal, the widgeon, and the coot, which remain for the whole sea¬ 
son, upon some few tanks whose sanctity precludes all molestation of 
them. There are cormorants throughout the season upon the larger 
rivers within the mountains; but none ever halt in the valley, beyond a 
day or tw'o for so long, however, both they and pelicans may be seen 
occasionally, on the tanks just mentioned. 

Lest any one should admire my enumeration of Larus, and Sterna— 
birds which usually affect the high seas—I think it proper expressly to 
say tnat 1 have killed both the red-legged Gull, and a genuinely pelagic 
Fern, in the valley ! But, so have I Jisiuug Eagles; and, in truth, who 
shall limit the wanderings of these long-winged birds of the Etlierial 
expanse ? 
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It will be observed, that I have not followed the arrangement of Cnvier, 
but that of Stevens, apud Shaw. The latter is adopted from onr distin¬ 
guished English Zoologist, Vigors; and as I think his distribution of 
Birds possesses many advantages, I have given it the preference to that of 
Cuvier, how much soever I may reverence the genius and knowledge of 
this distinguished Naturalist. Perhaps it may be objected to my enume¬ 
ration that it ought to have descended to species ; to which I answer that, 
besides the prolixity of such a catalogue, the avowed principle of the dis¬ 
tribution of the feathered tribes which I have followed, is, to separate 
into a distinct genus, every bird or small group of birds which is distin¬ 
guished by any marked peculiarity of organization or manners, whence 
it is probable, that my genencal enumeration will suffice for every useful 
purpose. 

Nipai. Residency,'! 

5<A October, 1831. J 



VIII. 


THE WILD GOAT, 

AND Tti x. 

WILD SHEEP, OF N E P A L. 

By B. IT. HODGSON, Esq. 

ACTING It ESI DENT AT KATHMANDU 


I. —Tiie JhXrai. Wn.n Goat, Capra Jharal. CMilii.) 

Habitat , jcxta-IIimalayan Mountains of Nepal. 

SPECIFIC CHARACTER. 

Goat with short, thick, simply recurved, sub-triangular, sub-compressed, 
carinated horns; sharp above, flat beneath ; towards the tips, smooth and 
rounded: with beardless chin And double coat. 

This capricious, vigorous, and agile, yet tractable and intelligent, 
animal, measures from the tip of the nose to the rooi of the tail, four and 
a half feet nearly ; and stands two and a half feet high, at the shoulder. 

His peculiar habitat is confined to the regions in the vicinity of the 
snows—but I am not aware that he ever ventures amongst the actual 
glaciers. He is capable of enduring, perfectly well, the heat of the valley 
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of Nepal; and can be tamed and brought up in confinement, there, with 
the greatest facility. He possesses entirely the characteristic manners 
of the genus, so finely delineated by Buffon. Soon after his capture, (if 
lie be taken young,) he becomes content and cheerful; and, within a year, 
he may be safely let out, to graze and herd with the tame sheep and 
goats. Intelligent and observant, he gives the keeper little trouble; and 
is an annoyance to the flock, only by reason of his wantonness: but, 
ever and anon, as it were in sheer contempt of sobriety, he will display 
the most amazing feats of activity, and the most fantastic freaks of 
humour, lie is very wanton; and so ardently courts the tame females 
he may be turned amongst, that it is often necessary to deprive him of 
the tips of his horns, lest he gore them to death ; or else to segregate and 
confine him. I have known him to have had sexual commerce with 
sheep, goats, and even musk deer; but never, to have begotten young 
by any of them. From the tame goat he is eminently distinguished 
by the superior compactness of his frame, length of his limbs, and ex¬ 
pressiveness of his head ; as well as by his fine deer-like ears and 
tail. 


The body is shortish, full, and compact: the limbs, long but stout: 
the head moderate, with great vertical dimensions; .small fine muzzle, 
and slightly coin exed forehead, running in one uniform plane from the 
setting on of the horns to the termination of the nasal bones : neck, 
longish and slender, bowed out and down: cars, small and finely formed, 
erect, very moderately opened, having short hair outside, and naked 
almost, within: tail short, depressed; base broad, lapidiy pointed: 
muzzle dry: no ladiryinary sinuses. The Jltoral, in his ordinary quies¬ 
cent attitude, has the back slightly arched; the withers lower than the 
croup: the hind quarters very slightly stooped: and the neck, in a 
small degree bowed, after the fashion of deer and antelopes. There 
is not a vestige of beard on his chin; the entire lower part of the head 
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being M closely shorn as the upper surface. Upon the neck, especially 
the superior surface of it, —and upon the top of the shoulders, the haii 
is considerably elongated, and has, when the animal is in fine con¬ 
dition, a length of seven or eight inches. The rest of the coat is only 
of moderate length j and is full, fine, loosely applied to the body, straight, 
and mixed with a small portion of very fine wool at its base. 

The long hair of the neck and shoulders is wavy, straight, and part¬ 
ed on the ridge, or apex of the body. The general colour is slaty gray, 
mixed with |ua*y on the flanks: forehead, and top of neck and back, 
red brown or dusky brown : fronts of the limbs, below the hocks and 
knee*, the same : a line from the eve to the gape, and a lateral patch on 
th« lower lip, the same: tips of taU and ears, black: base of tail, but¬ 
tocks behind, and round the eyes, clear rusty : inferior surface of the 
head, impure yellowish; neck below, and centre of the belly, and insides 
of limbs, the same; but smeared with Blaty: irides, brown red: muzzle, 
hoofs and hems, dusky black. 

As it is by the horns chiefly that we are enabled to separate the 
species of this genus, I shall add a few more words upon them to the 
careful enumeration of diagnostics in the specific character. The Jh&ral's 
horns ascend very little above the crown of the forehead, being directed 
backwards with a strong convex curve which accurately describes a small 
segment of a circle ; in as much as there is no peculiar twist towards the 
extremities of the horns. At the base they are in contact; and the sepa¬ 
ration of the tips is rather created by gradual attenuation than by diver¬ 
gency. Directly above , the horns present a sharp edge; which, towards 
their bases, is strongly carinated ; but plain, forwards; and below, a broad 
surface, forming the third side of the triangle, the other two sides of 
which are the lateral surfaces of the horns. 
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of Nepal; and can be tamed and brought up in confinement, there, with 
the greatest facility. He possesses entirely the characteristic manners 
of the genus, so finely delineated by Buffon. Soon after his capture, (if 
lie be taken young,) he becomes content and cheerful; and, within a year, 
he may be safely let out, to graze and herd with the tame sheep and 
goats. Intelligent and observant, he gives the keeper little trouble; and 
is an annoyance to the flock, only by reason of his wantonness: but, 
ever and anon, as it were in sheer contempt of sobriety, he will display 
the most amazing feats of activity, and the most fantastic freaks of 
humour, lie is very wanton; and so ardently courts the tame females 
he may be turned amongst, that it is often necessary to deprive him of 
the tips of his horns, lest he gore them to death ; or else to segregate and 
confine him. I have known him to have had sexual commerce with 
sheep, goats, and even musk deer; but never, to have begotten young 
by any of them. From the tame goat he is eminently distinguished 
by the superior compactness of his frame, length of his limbs, and ex¬ 
pressiveness of his head ; as well as by his fine deer-like ears and 
tail. 


The body is shortish, full, and compact: the limbs, long but stout: 
the head moderate, with great vertical dimensions; .small fine muzzle, 
and slightly coin exed forehead, running in one uniform plane from the 
setting on of the horns to the termination of the nasal bones : neck, 
longish and slender, bowed out and down: cars, small and finely formed, 
erect, very moderately opened, having short hair outside, and naked 
almost, within: tail short, depressed; base broad, lapidiy pointed: 
muzzle dry: no ladiryinary sinuses. The Jltoral, in his ordinary quies¬ 
cent attitude, has the back slightly arched; the withers lower than the 
croup: the hind quarters very slightly stooped: and the neck, in a 
small degree bowed, after the fashion of deer and antelopes. There 
is not a vestige of beard on his chin; the entire lower part of the head 
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To the above accomnt of a wild Gnat, proper to Nepal, I may as well 
add a short notice of wild Sheep of the same region; although I am 
acquainted only with the female of the species. This animal dwells north 
of the Jh&ral, immediately beneath and amid the permanent Bnows, and 
is named, by the Nipalese. Neu/aur, or Nyaur. It is distinguished by 
them (and, I fancy, justly) from the Ovis Ammon or Argali; which latter 


Un examen s£vdre de leur nombreuse nomenclature, en indiquant la chtivre lauvage de Perse, 
(copra agagrus, Gmel.) comme la source de toutea lei chevres domestiques, a fcgalement admis, 
pour esp&ces primitives, le Bouquetin du Caucaae (copra Caucasian, Guldenst.) le Bouquetin dc tour 
1* ancien continent (copra ibex , Lim) et la Bouquetin a crini^re d’ Afrique (Daniels Afric scenery, 
61. XXIV.) aux quels nous ajouterons la chevre de Sumatra, (caibing outang de Maraden,) si dis- 
tmcte de toutes les autres par une gross* protuberance sph6rique situ6e au detsous des yeu* 

Avant d’etre modifies par la domesticity, les caracttres gfeneriques de ces animaux consistent 
priucipalement dans lu disposition dp tours comes dirig£es en haul fit en amrre, et dans la presence 
d’une barbe au dessous dc la m&choire inf£rieure. 0'iand aux caracttres apycifiques, ils sont 
determines par la forme meme des cornea, de sorte que 1* on peut admetf* comme esp^ce primitive 
et nouvelle, toute cli^vre sauvage qui presenters, sous ce rapport, des differences constant es et 
notables. 

Les csp^ces indiqudes ci-dessus sont si bien connues, qu’il n’est pas besoin de rappeler leur 
description pour rcndrc sensible ce qui les distingue de la chfcvre rapportee r^cemosem du Napoul 
par M. Wai.lich, nous bornant done & d<*crire celle-ci avec exactitude, on saiaira facilement les 
dissemblances qui la designent comme une espe.ee nouvelle ou peu connue. 

Sa taille cst u peu pres celle d’ un bouc domestique, e’est-a dire qu’clle a environ 2 pieds 10 
pouces a la partie la plus elevee du dos. Ses cornea sont cylindriques, annexes irrugulierement & 
leur base, arquees dans toute leur longueur etdirigees en am^re vers le haut; les oreilles sont droites 
et la queue toujours basse , au dessous de tangle interne des yeux est »,r. vestige de larmier; le menton 
est pnv6 de barbe et dernere chaque oreille se trouve une giande r-couvarte par la peau ct qui 
secrete unc matiere i nod ore s’ecoulant par un petit trou peref au milieu. 

Le pelage de ce Bouquetin se compose de deux sortes de polls, ainsi que celui de toutes les 
chevres ct de bcaucoup d'autres animaux. Le plus long est pendant, rude et grossier, l’aatre un 
peu frise, soyeux et rare. Ce pelage est d’un gris varie de fauve et de noir ; le fauve domine au 
ventre ct Bur les merabres , le noir s’etend sur les parties supencures et face m^me une raie aistincte 
de l’occiput u la queue. La gorge d'un beuu blanc se dessine nettement sur le tauve du cou. 

L’individu que nous decrivons est un male qui parait jeune encore. Son corps Glance, sei 
mouvements brusques et ses jambes dc dernere plus hautes que celles de devant soni les conditions 
d’une parfaite agilite commune a tous les animaux de ce genre. 11 a ete rapport^ des frontieres du 
Napaul par M. Wallich et se trouve egalemerit dans les montagnea de 1’cfit limitioplies du Bengale.” 
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they call Bharal. I have never been able to procure the Bharal, alive or 
stuffed : but I have obtained, occasionally, his horns, so justly celebrated 
for their prodigious size. Six years ago, I had a pair which I could only 
raise from the ground by a considerable effost. I mention this strong 
distinctive feature of Argali, because it is one that is familiar to the 
natives; who are thence unlikely to confound the species, so marked, with 
another. Unluckily, when I possessed the horns of the Bharal, I was too 
incurious about Buch things to make any note upon them, ere I gave 
them away : I am therefore uuable to say whether the dry, stuffed, head 
of a male wild sheep which I now have, and which professes to be that 
of the Nayaur, be essentially different in character from the Bharal of 
the Nipalese, or, from Linne’s Argali. Linne’s specific character of Ovis 
Ammon is “ O. cornibus arcuatis, semi circularibus, subtus pianiusevlis.” 
Now, the horns which I possess, and suppose to be those of the male 
Nayaur, are directly the reverse of this; for they present a sharp angle 
below, and a broad flat surface above; being in shape accurately trian¬ 
gular ; with two sides of the triangle constituting the lateral surfaces of 
the horns, and the third side, their frontal or superior, surface. Beneath, 
there is merely the acute angle of the triangle. Besides, though the 
auimal which bore the horns in question died ere he had quite complet¬ 
ed his second year, his horns, large as they are, could never, I think, 
have reached, at maturity, the prodigious dimensions of those of the 
Argali. In other respects, these horns answer sufficiently well to the 
description of those of O. Argali, apud Shaw.—II. 379-80. 

Subjoined is a sketch of the Horns under discussion, attached to 
the skull. 

After these remarks upon the supposed male of the species, I now 
hasten to the account of the female. 
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II. —The Nayaur Wild Sheep. —Ovia Nayaur. (Mihi.) 

Habitat. The Himalaya. 

SPECIFIC CHARACTER. 

The male ? with large, accurately triangular, horns, flat above and 
cultrated beneath; curved and wrinkled as in the common ram:* a 
double coat: and beardless chin and neck. The female, with small, 
strongly depressed, sub-erect, sub-recurved, and divergent, horns, obso- 
letely wrinkled. 

In proceeding from the description of an individual of the genus 
Capua to that of one belonging to the genus Ovis, it is scarcely possible 
not to pause and pay a tribute to the elegant genius of Buffon. Defi¬ 
cient, perhaps, in scientific precision, he yet studied nature with a truly 
philosophic spirit; and his pictures of the manners of animals are no less 
useful than delightful. 

Nature having separated the sheep from the goat by no palpable 
physical signs, we consult Linne in vain for directions under which genus 
to place a newly discovered species of either; but, if we can procure liv¬ 
ing individuals of the species, and so observe their demeanour, we have 
but to turn to Buffon’s lively and just contrast of the manners of the 
two genera, to be satisfied as to whether our animal be goat or sheep. 


* Linne' s specific character of Argali givea liorna, “ arcuated, semicircular and Saltish be¬ 
neath”—that of Ovis Arte*, “horns, compressed and lunated.” Now, Ovis Aries is the common 
Ram: yet, Shaw says the horns of Argali are curved and shaped like those of the common Ram 1 
I do not understand all this; but may as well add, ere I conclude this note, that my supposed male 
Nayaur has his horns curved, and formed generally like the common Ram's horns, from which they 
diffci chiefly by being mure accurately triangular. Are Argali's horns trilateral > 
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Though I have kept and petted the Jhdral and the Nayaur for years, 
1 could never, with the dry Linnean aid of Shaw, have affirmed that the 
former was a goat, and the latter a sheep, but for the moral charac¬ 
teristics of the genera furnished me by the graphic Buffon ! I have 
mentioned that the Jhdral is a saucy, confident, capricious, clambering 
animal, whose freaks of humour and of agility are equally surprising. 
The Nayaur , on the contrary, is a staid, simple, helpless thing, which 
never dreams of transgressing the sobriety of a sheep’s nature. Like the 
Jhdral, it is easily tamed, but requires more care to acclimatise it in the 
valley. I have tried in vain to breed from the Nayaur. Comparing the 
figure and general aspect of the two animals, it can merely be noted, in the 
way of distinction, that the Jhdral is the more compactly framed, and 
stands straighter and firmer on his legs, than the Nayaur; and that the 
former has an arch genuinely goatish expression of the face—the latter, 
the proverbially simple look of the sheep. 

As compared with the tame sheep, it is very obvious t.o remark that 
the Nayaur has a fuller, shorter body; much longer limbs; a longer 
neck; and ears and tail of a more deer-like character. 

In the ordinary state of rest the Nayaur, instead of the straight back, 
neck, and limbs of the tame sheep, has the arched back, bowed neck 
and stooping hind quarters of the feet, and graceful antelopine and cervine 
races. There is a great drop from the shoulders; and the withers are 
lower than the croup: the head, as in the Jhdral, but rather more rec- 
tilinearly tapered from above and below: ears, tail, and hoofs, likewise, as 
in the Jharal; but the hoofs longer and less compact, and the ears larger. 

The coat or covering of the Nayaur, as nearly as possible, resembles 
that of the Chiru or Antelope Hodgsoyii; the most careful comparison 
only enabling one to say that the latter, from being somewhat thicker, 
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is more perfectly porrect from the skin; and that each of its hairs wared 
beneath the surface,* whereas tbe hair of the Naymur'i hide is straight— 
not merely in its general direction, but, in all its length, from point to 
point, of each hair. 

Excepting such minute variations as these, all the ruminantia of the 
Himalaya and Tibet, which 1 have seen, are similarly clothed. There is 
always an outer coat and an inner : the latter, spare, very fine, woolly, 
more or less applied to the skin: the former, very thick, porrect, and of a 
substance which we must call hair, though it resembles not ordinary human 
or animal hair, or bristles. It is stiffish, brittle, feeble, rather thick orcoarse, 
and of a quill-like feel and look. It might be imagined that this sort of 
hair is peculiarly adapted for protecting its wearers from cold: but dissec¬ 
tion and the microscope fail to detect any peculiarity of structure.t 


* It i« not a twist, or, spiral convolution, but an alternation merely, on the sides, of salient 


and resilient curtes. 


f I speak under correction, and am favored by Dr. Bramlxy with the following observation!: 
“ It is most difficult to dissect a hair; but so far as I have performed the operation, the result 
confirms Mr. Hodgson’s observation. 


In regard to the waviness of the Ckirut hair, having examined a section of the fleece, and 
having found the alternations of salient and resilient curve locking into each other (that is, the salient 
bows of one hair fitting into the resilient bends of another) it struck me that this peculiar confor¬ 
mation might be of more importance than Mr. Hodgson seemed to imagine. I thought ao when I 
examined the hair, and retain the opinion on reflection; as matter of conjecture merely, I would 
state, that the waviness of the Cfttrv'sbair —which is more distinctly marked from the base upwards— 
msy serve the specific purpose of confining the wool beneath in closer adaptation to the skin, under 
all changes of attitude by tbe animal, than if the hair were straight, and may thus constitute an 
additional security against injury from the rigour of that region which forms the Chirut habitat." 

J. M. Biamlkt. 
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The general and pervading colour of the Pi ay aw is a pale, dull, brownish, 

slaty-blue, which, however, merges into more superficial tints,_of 

rufous, on the flanks, hams, and shoulders; and of yellowish white, 
upon the cheeks, lips, abdominal surface of neck, belly, and insides of 
limbs, of ears, and of tail: bridge of nose, fronts of limbs, tips of ears 
and.of tail, patch on chest, and line separating flanks and abdomen, 
dusky brown: in old animals, vertical line of neck and body, the 
same: iris, speckled, brown-red: muzzle, black: hoofs and horns, 
dusky. 

Dimensions (of female) as follows : 

Ft. I*. 


Tip of nose to roots of tail, .*... 3 4 

Length of the hand, ... 0 

Ditto of tail to end of hair. 0 7 

Height of animal, at the shoulder. 2 4$ 

Depth of the head,.. 0 C 

Ditto of the chest,. 1 0 

Length of fore leg to line of belly,. 1 5 } 

Ditto hind leg to ditto. 1 8 J 

Ditto of the horns, straight,. 0 4 

Basal breadth (across,) . 0 1} 

Ditto height, (fore and aft,) . 0 0| 

Ditto interval,. 0 0 j 

Length of the ears, . 0 Gjj 

Weight (of a very thin animal) 75 lbs. 


N. B. The dimensions are taken from a female of less than four 
years old, three of which she had passed in confinement. 


Nepal, October 5, 1831. 
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ON THE 

RATWA DEER OF NEPAL. 


By B. H. HODGSON, Esq. 

ACTING MXIDINT AT KATHMANDU, 


III. The Ratwa Deer. —Cervus Raima (Mihi) 

Cervus Muntjac ?—Pennant. 

Habitat. Central and lower Hills of Nepal, and great Saal forest. 

SPECIFIC CHARACTER. 

Small red Deer, with very small, suberect, sublunated, bi or trifurcate, 
rounded, horns, set on lofty, hairy, compressed, pedestals; and with 
frontal as well as suborbital fissures. 

This remarkable animal, whose horns bear some remote analogy to 
those of Camelopardalis, which is affined to Moschus by its tusks, and to 
Capra by its shortish and full body, as well as by its capricious and airy 
manners, has yet all the influential characters of Cervus, to which Genus 
it unquestionably belongs its muzzle being very moist, its suborbital 
einuses extremely conspicuous, and its horns, annual, bony, and branched. 
But these horns, instead of being amply developed and springing imme¬ 
diately from the crown of the forehead, after the manner of most, if not 
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of all, others, of the Cervine Genas, are so small as to deserve almost to 
be termed obsolete; and are elevated on pedestals higher than themselves, 
which pedestals are, nevertheless, covered to their summits by a continua¬ 
tion of the skin of the forehead. So that when the Ratwa periodically 
sheds his real horns, their pedestals, as above described, remaining, give 
the animal’s bead the very appearance of that of the Giraffe, so far at 
least, as the frontal prominences are concerned. Nor is this ail: for, as 
much as these pedestals of the horns ascend above the crown of the fore¬ 
head, so much do they descend below; their origin being the very extreme 
points of the os frontis, considerably below the insertion of the nasal bones. 
Here, then, the pedestals of the horns commence ; and, in the shape of 
two prominent ridges, gradually diverging, they run along the outsides of 
the entire length of the forehead, only quitting the skull at the outer angles 
of the sutures connecting the frontal and parietal bones. Yet more : down 
the inner side of either of these ridges of the pedestals runs a most singu¬ 
lar fissure, formed by a strong reflexion of the skin. The margins of the 
fissures are full and dilateable ; and the animal expands them under 
excitement as well as applies them, so expanded, to objects of curiosity 
with the apparent purpose of feeling or smelling such objects ; just as he 
applies the suborbital fissures. The frontal fissures are about two inches 
long, straight, and longitudinally directed down the sides of the os frontis. 
The skin is continued without interruption or sensible diminution of thick¬ 
ness throughout their interior: but the interior is nearly denuded of hair. 
When the hide is stripped from the carcase, there is no internal indication, 
not even the crease,—of the strong folds prevailing on the outside of the 
skin and forming the fissures : but there is a very slight indentation of 
skull corresponding with them. 

The ridges of the pedestals are elevated nearly one-third of an inch, 
above the sides of the os frontis; and their substance is solid, and bony, 
like that of the skull, of which indeed the ridges form an integral part, 
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without the intervention of any suture. From the point where these 
ridges commence, to that at which they rise above the crown of the skull, 
their length is about four inches. From the latter point, the pedestals 
proceed, rectilinearly, but inclined rather backwards, about three and. a 
half inches more; and there they terminate, and the hams commence. 
In this second portion, the pedestals are bony as before, and entirely 
covered, by a continuation of the frontal skin, with rather mure than its 
usual quantity of hair on them. The pedestals have, in this their fully 
developed part, a strong lateral compression ; their shape being precisely 
that of an ordinary stick of sealing wax ; and uniform throughout. They 
have a gradual and not inconsiderable divergency amounting to about 
three inches at their summits. At the crown of the skull, their interval is 
about two inches. The horns which rise from these remarkable columns 
have all the well known characters of the genus. They fall off and are 
renewed, annually, between June and September ; their nucleus being a 
swollen marginal protuberance, just like the burr of the horns in common 
Deer. The horns are very insignificant, having an extreme length of 
about three and a quarter inches, and only a proportionate thickness. 
Like that of the pedestals, the general direction of the horns is upwards, 
with an inclination backwards. They are rounded, in the main, but have 
a slight lateral compression near to the pedestals : their surface, in gene¬ 
ral, smooth, but furrowed, more or less, by longitudinal grooves. The 
principal curve of the horns is an outward or lateral convexity, with the 
points turned, very decidedly, inwards ; and, less decidedly, backwards, 
but not absolutely “ hooked”—at least not in the majority of individuals. 
Hence, in the specific character, T have called the horns sublunated. But 
the term can only be justly used in a qualified sense ; and, as not merely 
the points but the upper halves of the horns are, in some specimens, con- 
vexly turned back , though, in a less degree, than they are bowed lateral¬ 
ly, perhaps they might be little less justly characterised as subrecurved 
than as sublunated. From the base of cither horn proceed one or two erect, 

i n 
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short, conical, branches—sometimes one from tbe one born, and two, from 
the other of the same pair of horns. These branches (so to speak) are 
never above an inch long—where there is one only, it is thick—where two, 
they ate slender. The second branch or antler is so rarely met with that 
it ought perhaps to be considered a lusns merely, and as such should be 
excluded from the specific character of this species : but, as 1 have one 
fine specimen in which two basal antlers are developed, and, as Peknant 
expressly says his Mnntjac is trifurcately horned, I think it safest to 
designate the Ratwa as bi-or-trifnrcate, and not as positively bi-furcate only. 

Having thus painfully, and 1 fear, tediously, described the pedestals, 
horns and front'd fissures, of the Ratwa, I shall now proceed to the account 
of its manners, haunts, appearance, size, and remaining characters. 

This elegant and lively little animal bears a great resemblance in siost 
figure, and carriage to the Porcine Deer of the plains of India : but the 
Jtofws is the lighter and more graceful, considerably, of the two. His 
motions art full of elegance and elasticity, and he stands and even walks 
upon his toes nutter than upon his entire hoofs, as though he disdained to 
touch the ground. In a quiescent state his back is much arched; his hind 
limbs Btooped; his withers lower than his croup; his neck retracted, and 
bowed downward* and outwards t his head carried low ; aad his tail close¬ 
ly applied to his buttocks. Excite him ; and he will, at once, straighten 
his hack, raise his fore quarters and head, erect his scut, and appear 
instinct throughout his frame with spirit and agility ! I have seen him, in 
pure display, as it were, separate his fore and hind legs extremely, and 
throw his back iato a concavity as decided as ever is the convexity of the 
attitude of rest. Tbs body of the Ratwa is, for a Deer, short and full: tbs 
limbs, too, abort; and stout as far as the bocks and knees—below them, 
exceedingly slight and fine : the hoofs, small and compressed : the false 
hoofs inconsiderable in size and blunt: the tail, longisb, tapered, cylin- 
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drioo-depressed, moderately and uniformly clothed with hair; in general 
resembling the tails of the Axis and Fallow Deer: the neck, shortish and 
rather spare : the head, rather large; of small vertical dimensions; 
tapered ; the nose acuminated, and having a well defined, moist, and nak¬ 
ed muzzle : the eyes large and beautiful, with transverse oblate pupils : 
the ears, rather small and well formed ; moderately opened; the lining, a 
small quantity of iongish, soft, hair, disposed into stripes or stria; on a 
naked ground ; .the tips, rounded. 1 have already observed that the muzzle 
is moist; and the suberbital sinuses, large and conspicuous. Comparing 
the cranium of the Ratwa with the skulls of other and large Deer, 
nothing markedly peculiar to the former arrests the attention save the two 
elevated ridges bounding the whole extent of the frontal bones, and which 
have been already particularly noticed. The cranium of the Ratwa may, 
however, be further distinguished by the relative length of the frontal, and 
correlative shortness of the nasal bones. The Ratwa s forehead isdecidedly 
tho’ slightly, convex ; and the usual drop or depression is further forward, 
and less sudden than it is observed to be in large Deer. Owiug to the 
character and position of their respective horns, the brain is thrown less 
far back; and, lastly, the nasal bones are void of that arcuation which 
usually belongs to those of large Deer. The bony cavities prepared for 
the lachrymal sacks, and corresponding with the suborbital fissures ot the 
superficies, are, in the Ratwk, as large as, or larger even in proportion, 
than, those of the huge Bar* Sinha’t head. .The tusks of the Ratwa have 
the same general character with those of the proper or Tibetan Musk: * 
but they are shorter, stouter, less compressed, and much more curved. 
The portion exerted from the jaw is about inch in length,—measured 
straightly—2-| inches in extent as measured along the. curve. They 
are loose in the sockets, but fixable at the animal’s pleasure. The 
Ratwa, when taken young, can be tamed as easily and effectually 


Vide Shaw'i General Zoology, vol 11. n. 260. 



144 


THE RATWA DEER 


as the spotted Axis: but it is volatile aud capricious io its temper, 
reminding one a good deal of Burro ns exquisite description of the Goat; 
only the Raima loves not rocks and precipices; nor possesses the Goat's 
wonderful power and propensity to climb and spring. The tamed Raltvu 
is aconfident, fearless, creature, which, small as it is, will not retreat before 
man or dog, annoying it; but will (the male) turn on the assailant and 
attack resolutely both with its horns and tusks—cutting with the latter, 
in the manner of the wild Hog. The female of the species is gentle and 
timid, having neither horns or tusks ; but, in place of the former, two 
bristly patches of dark hair like eyebrows—and of the latter, small conical 
canines not protruding from the mouth. She has four teats, disposed qua- 
drangularly on a white udder; and a specimen procured on the 28 th February, 
had the udder teeming with milk. This individual must have just drop¬ 
ped her young. She is rather smaller and paler in colours than the male. 
The Ratwa is about three feet five inches long, exclusive of the tail; about 
one foot eight inches in height, at the shoulder; and from forty to fifty lbs. 
in weight. Colour, a bright, uniform, full, yellow red;—darkest, above; 
palest, below, or on the belly and pectoral surface of the neck ; forehead 
and limbs obscured with dusky-brown : insides of thighs, a patch on 
either side the chest, insides of ears and tail, pure white : a blotch of black 
in front of each pedestal of the horns, where the pedestals quit the forehead, 
on the inferior surface, and a good deal of the upper lip, impure white : 
irides, dark brown; muzzle and hoofs, black: coat or hair, close, full, 
soft, short, applied to the skin : in the living animal always exquisitely 
clean and void of all offensive odour. 

The Ratwa is found in the great central mountains of Nipal, 
as well as in the small hills beneath them, and in the great forest 
at their foot. He is more common, however, in the latter than in 
the former tracts ; and in the former lie confines himseli to the basal 
and gently sloping parts of the mountains; and, of them, to such 
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districts only as are closely screened by brushwood, in the midst of which 
the Kattca always has his lair. The species is gregarious—the herd* 
usually amounting to from twenty to thirty individuals. The mountaineers 
denominate the animal, Rativa. It is not known to the plains of India, 
I believe ; nor to any other of the Indian mountains, as far as 1 am aware. 
Whoever will turn to Shaw's General Zoology, vol. 11. p. 301, will find 
there the description of a small species of Deer denominated the Rib-faced 
Deer, or Cervus Mnntjac , belonging to Java and the Malayan Pei.insula; 
which 1 apprehend to be either a variety of the Ratwa , or another species 
most closely allied to ours But Shaw's description is so wretchedly 
imperfect that it is impossible to speak with any confidence about it. I 
recommend the curious in such matters to read attentively my description 
and then to refer to Shwv s ; by which means they will be able to appre¬ 
ciate the following remarks The spec-tic. character of Cervus Mnntjac 
eives “ eylindric ' pedestals to the horns, and makes the “ upper fork” 
of the horns 11 hooked," Whoever had not seen the pedestals denuded of 
hair would take them to be evlindric, notwithstanding their really strong 
lateral compression : and, as the tips of the horns are—at least in some 
old males -strongly curved inwards and backwards, there is room to say 
that tin " upper lork ishooked, though 1 cannot admire theroode of expres¬ 
sion ; because the iiisiunifieaney of the frontal fork or forks makes the 
expression “upper folk" as applied to the beam or trunk of the horns 
peculi.itly apt to mislead. I have already intimated that the trifurcation of 
the hoi ns is probably not a general or permanent characteristic. Shaw 
observes, that “ that, which chiefly distinguishes the (atvus Munljac is the 
appearance of three longitudinal, subcutaneous ribs, extending from the 
boms to the eyes.” The tillee libs ill question are, 1 suppose, the two 
frontal fissures, and their intenallary crease, which last, in the dry » km, 
presents almost ns decided an indentation and apparent peculiarity of struc¬ 
ture as the fissures on either side of it ; owing chiefly to the constant 
habit the living animal has of dilating the fissures, whereby the skin of 
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the forehead, contracted on either side by their dilatation, forms a strong 
crease between them. Nor, however strange it may at first sound 
to one who has beheld the living animal to hear that these “ ribs” 
run from “ horns to eyes,’ is the thing at all difficult of solution 
by means of an ill-dried, distorted, skin. What is meant by the 
thickening of 'the pedestals at top, and their having the appearance 
of a rose after the horns are forced off, I cannot divine; unless, in 
the particular case, the horns should have been forced from the pe¬ 
destals, leaving their own marginal protuberance or burr, attached 
to the pedestals. In one of Bukfon’s Supplements it seems the 
Ceruu.i Munijac is described as of a grayish-brown colour : if this be just, 
Cervus Muntjac will constitute, probably, a distinct species from Rahva; 
and I cannot help thinking that, in such case, the two ought to be, 
sectionally at leust, separated from Cervus. 1 have no late work on 
Mammalia to refer to, and must crave pardon therefore, if I have been 
anticipated in regard to that point; and perhaps also for the length of this 
paper; which yet should find its excuse in the acknowledged futility of 
summary descriptions of new and foreign animals. The following are the 
dimensions and size of a male Rahva, which lately died in my possession. 

Ft. In. 


Tip of nose to root of tail. 3 4J 

Head, length of,. 0 8) 

Tail, ditto, to end of hair,. 0 7{ 

Height of animal, at shoulder,. 1 7j 

I tmoflt vertical measure of the head,. 0 3j 

Depth of chest. 0 8j 

-Length of fore leg, to elbow. 1 1J 

Ditto of hind ditto, to corresponding joint,. 1 !M 

Ditto of ears. 0 4J 

Ditto of pedestals, above the shall,. 0 4 

Ditto of horns,.■. I) 3j 

Weight, 40 lbs., .to 30 lbs. 


Valley of Nepal, October, 1831. 
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NOTE 

Containing further information respecting the Ovis Nayavr. 


Since the paper on the Ovis Nayaur was written, I have received a complete stuffed 
skin, hut sadly distuned and injured, of a young male Nayaur. Though the animal when 
he died was not above eight months' old, he must have measured four feet in length from 
the nape to the insertion of the tail, und nearly three in height at the shoulder. He has a 
double coat exactly of the same character as, and rather thicker and longer than the 
Chirus , whence it follows that the slight differences observed upon in the course of the 
paper were only the consequence of confinement, change of climate, and perhaps sex also, 
in respect to the Nayaur. From much conversation that I had with the Rliotaa who 
brought me the skin of the young male Nayavr, I now incline to believe that I was mis¬ 
taken in supposing there are two species of wild sheep in these regions. The Bharal of 
one dialect is probably the Nayaur of another; and the Himalayan wild sheep' most 
likely, only a variety of that widely diffused species, Ovis Argali , though I coufess I can¬ 
not reconcile Linn 'Elis’ or Sll vw's descriptions of the horns of the Nayaur. The young 
Nayaur just received has, the wool and greater part of the hair, beneath the surface, dull 
purplish gray slaty ; merged in more superficial hues of rusty brown, above, and of impure 
hoary, below. The lips and inferior surface of the head, and insides of the shoulders and 
thighs, pure white : superior surface of the head, like the body above, but paler . no dark 
marks on the limbs, flanks or forehead, as in the female : neither this young male nor the 
female before described, have any appearance of that peculiar elougatiou of the hair upon 
the pectoral surface of the neck for which O. Argali is conspicuous.—But the circum¬ 
stance is no way decisive, owing to the youth of the one and the feminine gender of the 
other—such appendages most usually appertaining exclusively to mature males. As the 
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young Nayaur now spoken of waa taken in midwinter and died immediately, bia coat 
moat exhibit the full winter raiment of the apeciea. The hair ia about two inohea long, 
and ao thickly aet on aa to aland erect (ram the akin, in its ascent from which the hair ia 
accompanied about half way by a spare-fleece of fine woo!, A larger quantity of the aame 
material Uea closely applied to the akin: but the whole quantity oi the wool ia much Iesa 
than that of the hair. The horna, though amall, have exactly the form atready deacribed 
and figured, and justly referred to the male Nayaur, as I have now satisfactorily ascer¬ 
tained. 
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SHORT SKETCH 

OF THE 

GEOLOGY OF PULO PINANG 

AND THE NEIGHBOURING ISLANDS, 

WITH A MAP AND SECTIONS. 


Bt T. WARD, Esq. 

ASSISTANT SURGEON MADRAS ESTABLISHMENT. 


The geographical situation, the extent and general appearance of Prince 
of Wales’Island are well known, and it will not be necessary to dwell 
upon them here, more especially as they are included in the accompanying 
Map. 

Pinang may be described as being formed of a group of hills occupying 
about two-thirds of its extent, running through its centre from north to south, 
and having a plain on it* eastern and western sides. The hills, thickly 
covered with lofty forest on all sides, seem at first sight so irregularly 
grouped, as to defy all arrangement; but on more accurate examination, 
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they may be divided into three principal chains, commencing at the north, 
gradually approaching towards the south, where they form one narrow 
barrier between the two sides of the island, branching off at last, along 
its southern extremity, at right angles, east and west. The middle chain, 
infcluding the western hill and Mount Elvira, is that of greatest elevation, 
being about two thousand five hundred feet above the level of the sea. 
They are all loftiest towards the north, decreasing gradually as they 
advance south ward. Between the terminations of the chains towards the 
north are deep bays and sloping vallies, filled with alluvial deposit. The 
greatest diameter of each hill is from north to south. The general 
outline is rather blunt and ridged, presenting no very bold peaks or 
points. Some of the lower hills are obtusely conical. Besides the prin¬ 
cipal group above described, there runs a small chain parallel to the east 
coast of the island, behind the Nutmeg Plantations at Ghgor, of an 
elevation varying from six hundred to eight hundred feet, uniting with the 
great range near its southern extremity. There are also some isolated 
hills along the coast, the principal of which are Mount Erskine, Mount 
Olivia, and Mount Albina. 

The valleys are not deep; few of them have very abrupt, and none, 
precipitous sides. The whole group, or rather series of chains, is so 
closely covered with forest, that not a bare spot is visible, except where 
the industry of man has been exerted. The height is not sufficiently 
great to produce much effect upon the nature of the vegetation ; but 
Bmall as it comparatively is, towards the summits, the palms and ferns 
increase in number, and the forest in general becomes more stunted, 
though even on the highest point are to be seen seme magnificent timber 
trees. An arborescent fern of great beauty, rising to the height of from 
fifteen to twonty feet, is met with only on the great hill at a considerable 
elevation. 
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The soil of the hills is a reddish light sandy clay from the decomposi¬ 
tion of the granite composing them, the process of which may be seen 
going on, wherever roads have been cut below the surface. It is seldom 
more than eight feet in depth, most frequently less, and the vegetable 
mould above it is from six to twelve inches. There is little gravel and no 
fragments, except occasionally of quartz, probably from extrosed veins. 

The whole of the group of hills, and indeed every rocky oi elevated 
part of Pinang, is composed of granite. No other mountain rock occurs 
in immediate connection with it. It varies in grain, in colour, and occa¬ 
sionally in the proportion of its ingredients. It is every wliere traversed 
by veins of quartz and quartz-rock, which are often of large size. Com¬ 
mencing at Fort Cornwallis, and going round the island, first to the 
north, we find the following varieties: at I'ulo Ticoose Point, where the 
beach is rocky, and composed of immense fragments, it is of a fine grain 
ami grey colour, as in specimen No. .51. At Bala 1'erinpri, where a 
small stream forms a magnificent waterfall, and a great mass of rock 
is exposed, the granite of rather coarse grain (No. 1*) is traversed by 
a vein of quartz rock (No. 2) resembling primitive sandstone, very 
hard, and from two feet to two and a half feet in breadth. In it, 
the stream has formed numerous tub-like cells, some ol them two or 
three feet deep. I have seen some fine specimens of colorless rock 
crystal, containing crystals of schorl, which were collected here, 
but I bad not the good fortune to meet with any on my visits. At 
the east point of Tuhh Bohang, the granite is grey and coarse grain¬ 
ed (No. '1). At the west point of it, it is of a tine grain and of a 
slightly greenish colour. On the beach, to the west of Kucha 
Muka, a small village on the north side of the island, among the rolled 


The figures throughout refer to the numben of the •pecimeni herewith Hot 
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masses of granite are some with beautifCd veins and imbedded crystals 
of quartz, and prismatic crystals and amorphous portions of hornblende? 
(No. 5). Specimens of these, of good size, were, with difficulty, broken 
off ; and indeed to shew them in perfection, it would be requisite to carry 
away the rolled masses entire. No. 0, is a specimen of the granite found 
opposite Saddle Island, of moderately line grain, and containing a large 
proportion of mica. On the south-west the granite, containing a large pro¬ 
portion of felspar and quartz, is nearly of a whitish colour—(No. 16). At 
night, from reflecting the moon's rays, it is observed to glisten at the dis¬ 
tance of more than a mile. Imbedded in it, we found a globule of fine 
grained black granite, containing abundance of mica (No. 17). The whole 
of the south side of the Island is composed of a coarse brownish granite 
(No. 10). On the south-east point opposite Palo Rimau, it occurs again 
of a grey colour (No. 1!)). These different varieties found along the 
coast, occur also in the body of the mountains, and it has therefore been 
considered unnecessary to transmit specimens taken from the interior. 

* The east and south-west plains are entirely of alluvial formation, pro¬ 
bably in great measure formed by the detritus of the mountains washed 
down and collected through the lapse of ages. At first sight of the east plain 
particularly, which juts in a triangular form into the narrow strait between 
the Island, and the Quedah coast, and on which are built George Town, 
the Fort, the various public buildings and the habitations of the English 
residents, the geologist is impressed with the idea that the sea must have 
at one time covered it and washed the base of the mountains. This is 
confirmed in some measure by the phenomena observable on the opposite 
shore of Quedah, where Captain Low has traced the successive deposits of 

* Some of the following remarks on the pleim, rivuleti, water, &c> have already appeared 
in my 11 Contribution! to the Medical Topography of Frince of Walei’ Island,” printed by the 
Fining Government. 
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alluvial matter, for several miles inland, and the gradual retirement of the 
ocean indicate by ridges running parallel to the present line of coast. 
The process of conversion of such a hard material as granite into alluvial 
matter is distinctly seen on the road to the Great Hill, in the'small valley 
between “ Mount Olivia” and the “ Highlands of Scotland.” The pre¬ 
cipitous bank, about sixty or seventy feet in height, presents a mass of 
red clayey sand, used generally in lieu of gravel for repairing the roads, 
which is merely decomposed granite as seen in the specimens Nos. 
55 and 50, taken Irom the spot. Notwithstanding this alluvial origin, 
no organic remains, not even shells, have been found hitherto imbedded 
in any part of the valley. Query—may not this be accounted for, 
by the small number of animals which inhabit the island, and by the 
paucity of shells now in existence along the coast 1 The indigenous 
animals are principally birds and insects, and on two tours round the 
island, I did not discover in all one hundred shells on any part 
of it. 

The soil of the valley is various. Near the point it is sandy, with 
a surface of about four inches ol vegetable mould from decayed leaves 
and branches of trees. In advancing about a mile into the interior, 
the ground begins to rise, and the superficial stratum is also a light 
vegetable mould, about a foot in thickness, resting on the sand. Near 
the foot of the mountains, the soil becomes rich in many places, and 
beds of white clay resembling fuller's eartn. are found here and there, 
more especially in Pulo Ticooie bay In those parts of the island, 
near the sea coast, which are generally overflowed and thickly covered 
with mangrove, (Rhizophora) the soil for a foot in thickness is a rich 
black mould. Throughout the island it is light, and in most parts is 
composed of clay, with a large portion of sand, which renders it 
very porous. 
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Water, generally speaking o£ good quality, is to be had in almost 
every part of the island by digging a few feet below the surface. In 
some places it is slightly brackish ; in others it is tainted by passing 
over the decayed roots or leaves or branches of trees; and sometimes it 
is mixed with the clayey particles of the soil over which it runs. 
There is no large river in the island ; the several rills from the 
mountains collect into two or three rivulets, which traverse the valley in 
different directions. Their beds are sandy: the water pure as crystal, and 
of excellent quality, unimpregnated with any deleterious ingredient. I am 
not aware of the existence of any mineral water in the island 

Stream tin has been found near Ainee < ni'lis, at the east foot of the 
great hill, and at Haiti b'ntusker on the north side of the island washed 
down from the containing \miis whuh have nut vet been discovered 
Indeed the immense mass of vegetation, which so i lo^-dy rover' the island, 
that scarcely an exposed portion of rod, t an lie found, renders it extiemek 
difficult to trace them. At both of the above mentioned plain t lilt tic 
was collected for some time, hut the works were given up as the quantity 
was not sufficient to cover their expem-c. 

Hound the island are extensive mud banks, win. h. on the north and 
east sides especially, are left uncovered at low water On the north¬ 
east side of the tongue of land, forming the talley, itoin I'l.ltt Tu-wst 
point to Fort ( orriwalhs, extensive changes hate taken place within the 
last twenty years Between the outwoiks of the Fori and the iieai h there 
was forme'ly a spare of about one bundled cards occupied by a row of 
coroanuts, and a walk along the beach. No tv the sea washes the very 
walls, which arc-in part destroyed by its encroachments. The houses mi 
the beach also for some distance, are endangered by the same circum¬ 
stance: the banks have been rapidly diminishing, and the strongest 
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bulwarks of stakes and stones are necessary for their protection. In Pulo 
Ticoose bay, on the contrary, the sea has been retiring, the mud bank is 
daily increasing, and the mangrove has been gradually extending itself. 
It is too likely that some years lienee, the bay may be entirely filled up. 
These changes are probably owing to the tides setting in strongly from 
the northward and westward. Pulo Ticoose point protects the bay from 
their action, which is exerted in full force upon the Fort point, or Tanjong, 
as it is called by the natives. 

The sand along the coast, round the island, is generally whitish and 
pure: in some places, however, more particularly on the north side, it is 
nearly black, from the intermixture of numerous small particles of mica. 

So much for Pinang itself. We now proceed to the neighbouring 
islands, commencing with those to the northward. 

I. Pulo Ticoose , or Rat Island, is merely a barren rock of white 
granite, with a few large canes. It is about a mile from the north cast 
point of Pinang , is of small extent, and offers no geological phenomena 
of any interest. 

II. The Boontings arc four small islands to the north of Pinang , 
arranged in a semi-circular form, the nearest being about tourteen miles, 
the farthest about twenty-five from Fort Cornwallis. The most remote 
one, from a fanciful resemblance to a “ femme enmnlc " lying on her 
back, has received from the natives the name of Haunting, a Malay word 
signifying “pregnant.'' In connection with this idea, the other islets 
have derived their appellations. That nearest Pinang is called Bealan, 
or “ the midwife”; the name of the next is P aught t, or the messenger sent 
to call her,—and behind it is Sonsong, or the companion of the messenger. 
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1. —-Pulo Beedan, oi Bidin, is about a mile in length and three-fourths 
of a mile in breath, of an elliptical shape, with a bay on ita southern side. 
It is thickly wooded, the trees, as usual, coming in most places down to 
the water's edge. It may be noticed here once for all, that this circum¬ 
stance offers an obstacle to the complete investigation of the geological 
structure of the island round Pinang, as it dues of Pinang itself in some 
measure. The interior cannot be penetrated, and were it even possible to 
do so, the closeness of vegetation would shut out all view of the rocks. 
The observations are thus necessarily limited in most instances to the coast. 
The beach, on Pulo Bidan, near the south-east point, is composed of 
an argillaceous rock, resembling grey wacke, both lamellar and conglo¬ 
merate, irregularly intermixed, (Nos. 41 and 42). This seems to dip at a 
considerable angle to the west; it is entirely covered at high water by the 
sea, and the outgoings or crop of the strata form sharp ridges, more or 
less elevated. Rolled masses of ironstone, (No. 13,) are found on it, of 
various sizes. On the argillaceous rock, rests a mass of limestone strati¬ 
fied, the strata dipping to the south-west at an angle of 45* It is 
of a bluish grey colour, (No. 40,) and at first sight seems to have 
a slaty texture. The colour of some of the strata is nearly black. 
They are every where traversed by veins of quartz and calcareous spar, 
irregularly intermingled. The whole island seems to be composed of the 
same material. 

2. —Pulo Panghil is a small rather elevated island, about two miles 
to the northward of the preceding, and celebrated for its turtles, which 
lay their eggs in the sandy points and bays. The coast is covered 
with smootn round stones of argillaceous matter, probably rolled over 
from Pulo Sonsong; but the body of the island is composed of the same 
kind of limestone as Pulo Bidan , (No. 43). In Turtle-bay, at the dis¬ 
tance of ten or twelve yards from the main body of the island, some 
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isolated strata of grey marble,* (No. 44.) of fine grain, and highly crystal¬ 
lized, dip at an angle of little less than 45° to the westward. 

3. —Pulo Sonsong is about three miles to the northward of Pulo 
Panghil; a mile and a half in length, and about one broad at its southern 
extremity. At the landing place, a small sandy point, we observed some 
masses of coral rock, close to the beach, and the whole coast was covered 
with broken pieces of white coral thrown up by the waves The island is 
rocky and bold all round, and as usual thickly covered with wood. The 
rock (Nos. 46 and 47,) is entirely argillaceous, running in regular strata, 
at an angle of more than 65°, and dipping to the eastward. On the 
beach it presents more of the schistose or lamellar structure, (No. 46,) 
and is every where traversed by veins of quartz, (No. 4R,) with a coating 
of a black substance, (metallic ?) On the south and east sides, and 
apparently forming the lower strata of the island, the rock is of a 
reddish color and soft, (No. 47). On the west side, which is particularly 
bold and precipitous, it is of a bluish grey colour, soft and silky in 
same places, presenting the slaty texture, (No. 48,) but not splitting into 
thin lamella: as regular clay-slate does. On this side are numerous 
caves; and the precipices crowned with lofty trees, the immense frag¬ 
ments of rock, the dashing of the waves against them, and the hollow 
sound of the water rushing into the caverns, have all an imposing effect 
on the observer. 

4. — Pulo Boonting, about four miles north of Pulo Sontong, is of 
nearly oval shape, thickly covered with wood, about one and a half 
mile long, and one in breadth at its broadest part It is precipitous 


* Thu is well adapted for architectural purposes; and is fully equal to that brought from 
Chima at considerable expence—I am now aware that iti existence in the neighbourhood was known 
heretofore. 
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Bnly on its north-west side; in all other places, the forest comes close 
down to the shore. There is the channel of a mountain torrent on 
the north side, choked up with large fragments of rock, at the foot 
of which is a spring of excellent water. The rocks are entirely gra¬ 
nitic, the feldspar of the granite being in a state of decomposition, 
(No. 50). Large veins of quartz, in some places highly crystallized, tra¬ 
verse them in all directions, (No. 51). Among the rolled masses of the 
channel above mentioned, are specimens of a greener granite, approach¬ 
ing to primitive greenstone, (No. 52); and on the beach were found a few 
pieces of black limestone, (No. 53,) probably conveyed from Pulo lietdan 
or Sousong. 

Round the whole of the Boontings the sea is beautifully clear; 
and the coral beds are distinctly visible at a considerable distance 
below the surface of the water. The only one inhabited is Pulo Bidan, 
in which live, in huts of miserable construction, about twenty Malays, 
engaged in catching and drying fish for the Pinang market. In sail¬ 
ing round these islands, we had a magnificent view of Quedah peak, 
or Gunong gerai, on the mainland, which rises to the supposed height of 
five thousand feet. Its composition, 1 am informed, is entirely granitic; 
its outlines are bold, sharp and pointed; the sides are steep, rising 
rapidly from the base; and it presents one immense dense mass of 
vegetation, unbroken some here and there by a few precipitous white 
crags. By the aid of the glass, we discovered the channel of a mountain 
torrent, which, in the rainy season, must form splendid cascades in its 
course. It has never been ascended by Europeans, and so great is the 
jealousy of the Siamese government, in whose territories it is, that it is 
not likely it ever will be. The whole of the coast below it, seems one 
flat uncultivated plain, covered with mangrove, extending a considerable 
way inland 
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III. Pigeon Island, situated near the southern extremity of the, 
west aide of Pulo Pinang, is of small size, and thickly covered with jungle. 
The rocks at the base, from the action of water, present some most fan¬ 
tastic forms; now, like a huge wall standing apart from the rest, new, like 
a Martello tower; and sometimes like a piece of Hindu sculpture from 
Mahabalipuram or the caves of Elora. It is entirely composed of coarse 
grey granite, with a large proportion of mica, (No. 6.) 

IV. Saddle Island, or Pulo Kundit, about two miles distant from 
the south-west point of Pinang, is about two miles in circumference, being 
three-fourths of a mile long and one-fourth broad. Like all the other islets 
we visited, it is thickly covered with jungle and a few forest trees. On its 
north side these approach within a few feet of the water. The south and 
west sides are bold and rocky, the rock in some places being nearly perpendi¬ 
cular, and on the west side there is a deep bay, where several prows might 
lurk in safety. All round are numerous caves and cave-like fissures, 
into which the sea rushes with a hollow sound. The constant action of 
the water has so much worn the rocks, close to the edge, that they present 
at first sight the appearance of lava. At low water mark a great 
quantity of coarse coral is to be found, which is collected and removed 
by the lime-burners, in lieu of limestote. The geological structure of the 
island resemhies that of Pul !e Sensing, formerly described. It is a mass 
of argillaceous schist of various colours, according to the greater or less 
action of the weather, but principally grey, bluish, and red, amorphous in 
many places, bat presenting a laminar, and even fissile slaty texture in 
some, especially on the east side. It is distinctly stratified throughout; 
the strata running north-west and south-east, at an angle of about sixty 
degrees. Near the beach on the east side, the out-croppings of the strata, as 
on PeieSensong, form sharp ridges; the rock is soft and of a reddish colour, 
(No. 8,) traversed by veins of quarts, and of a metallic matter (?) In some 
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places the veins appear to be of quartz, mica, and chlorite blended together, 
(No. 9). The body of the rock on this side, above the red material, is an 
amorphous grey-wacke looking substance, resembling old sand-stone, 
(No. ?). Above this again is the more slaty-looking rock, (No. 12.) 
resembling clay-slate. On the south-east side, it seems entirely composed 
of the red argillaceous rock above mentioned, (Nos. 10. and 11). On the 
south-west and west sides of the island, from the precipitous nature of 
the coast, the structure is easily noticed. The rock is entirely like 
clay slate, (No. 12,) presenting more or less of the laminar structure, 
slaty in some places, as marked in No. 15. In some parts there is a 
bending in the strata, similar to that sometimes observed in gneiss; thus 
The rock is traversed by veins of quartz of about 
three inches in breadth, (No. 13,) and of a sub¬ 
stance like iron-stone, (No. 14,) which also runs 
in thin laminar beds through the slate. In the roiled masses, near the 
beach on the east side, are observed portions of indurated clay, tinged 
with chlorite. 

V. Pulo Rimau is situated at the south-east corner of Pinang , from 
which it is distant about three-quarters of a mile. It is of an oblong shape, 
about a mile in length, and one-third of a mile in breadth ; bold and rocky 
except on the north side; covered as usual with wood, and composed 
entirely of grey granite of a fine grain, (No. 20). On the south side, the 
rocks are rather fantastically shaped. One at a distance exactly resem¬ 
bles the gable of a house. They were all exceedingly hard ; and with a 
good sized hammer, I could with difficulty break off specimens of proper 
size. Near the centre of the south side of the island, a curious appearance 
presents itself. Veins of from one and a half to two feet in breadth, of quartz 
rock (Nos. 22 and 23,) traverse the granite in different directions. The 
walls of the veins are of a red colour, and finely crystallized, (No 24). 
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The granite is more compact and finer grained, as if compressed by the 
quartz rock, while in a semifluid state. Vein* of red granite, and bed-like 
masses of it are observed in the neighbourhood, (No. 21). In the old 
stockade on the north side, we saw a rolled maw of primitive greenstone, 
(No. 25.), probably part of the ballast of some vessel, as none like it is to 
be found in situ, near Pinang. 

VI. Pulo Jcrajah is the largest and loftiest of the islands round 
Pinang, from the east coast of which it is distant about three-quarters of 
a mile. It is about two and a half miles in length, and nearly a mile in 
breadth at its broadest part. Its greatest height is at its north end, 
where the hill is between three hundred and four hundred feet above the 
level of the sea. It is entirely composed of fine grey granite, with a small 
proportion of mica, and is of no interest in a geological point of view. The 
soil is a fine red clay, and the trees grow to a great height, with remark¬ 
ably luxuriant foliage. 

VII. Pulo Kra. Two islands close to the main land of the Malayan 
peninsula, near Bulla Kawang, are so named : they are separated from 
each other by a narrow channel: each is about a mile long, and about 
four hundred yards in breadth, rather lofty and thickly covered with wood. 
Their geological structure resembles that of Saddle island, above described, 
distant from them fully thirteen miles, with Pulo Rimau, of granite for¬ 
mation, between them. The principal rock of the northernmost, Pulo Kra, 
is a kind of argillaceous schist, which is of a laminar structure, and 
disposed in strata dipping at an angle of about forty-five degrees to the 
south-east; traversed by veins of quartz, with a crust apparently of metal¬ 
lic matter running down in long black perpendicular lines along the face 
of the rock, occasionally crossing each other 
in a net-work fashion; thus— 

It is of various colours and consistence, pro¬ 
bably as it has been more or less subjected to 
the action of the weather. It is sometimes 
greyish white, (Nos. 27,28, and31 ,)sometimes 
reddish, (No. 30.) sometimes blue, more or 
less deep, Nos. 26 and 29). Every where it presents the laminar 
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structure, and splits into tables when struck, with the hammer. The 
veins vary from half an inch to one and a half inch in thickness, and 
the quartz in them seems to be broken iu pieces, between which is observed 
a metallic(?) crust, (Nos. 32 and 33). The beach is stony and clayey, 
different from that of the granite island; which we invariably found either 
rocky, sandy or gravelly. At low water mark, the quartz veins form a 
curious cancellated appearance. The softer rock between them having 
been destroyed by the action of the water, they rise in sharp lines 
considerably above the level of the day, and are, in some places, scarcely 
passable without danger of having the feet cut or bruised. Beds and 
rolled masses of iron-stone were seen along the coast, near the north-west 
comer more especially; the former dipping at an angle of about 52°. 
The rolled masses are of considerable size, some being twelve or fourteen 
feet high, and as many in breadth, locking, at first sight, like volcanic 
rocks, from their burnt and cancellated appearance. They are farmed 
of a kind of jaspery iron-ore, containing numerous drusy cavities, 
Coated with semi-globular crusts of chalcedony and yellow ochre, Borne of 
the specimens of which are very beautiful, (No. 34). The specific 
gravity of it is 3.000. It strongly resembles, in all its characters, the 
mineral substance described and figured by Mr. Sowbbby, in the 
Mh volume of his British Mineralogy, page 173. tab. 404, under the 
name of “ Burnt rock. No. 35 represents another ere Of iroD, of specific 
gravity 3.640, found also in rolled masses on the coast, from which that 
valuable zhetal might be obtained in abundance. In some places, by tk e 
action of the water, the softer iron-stone has been converted into a fine 
yellow ochre, which might he used in painting. The whole of the west 
aide of north Puto Kra is rather bold and rocky, in some place* even 
precipitous; and here and there are deep caves. Along the share are 
round numerous sea slugs, or Hoktknria, and the beautifully polished 
and variegated Cyprte* shell, betides coral and sponge* of various kinds. 
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Near the centre of this side, about one hundred yards from the shore, is 
a small detached rock, resembling, at a distance, the ruins ot an Indian 
Pagoda, entirely composed of a soft red clay, impegnated with iron, 
(No. 37,) similar to what is called Ger<i by the natives of India, and 
which, like it, might be used as a coarse paint. The lowest stratum of 
the southernmost Pulo Kra, is a very bard compound rock, which, for 
want of a better appellation, I have called grey wacke, composed seem¬ 
ingly of quartz and felspar, very compact and of a blackish blue colour, 
traversed by numerous veins of quartz, large and small, in every direction, 
(No. 38). The upper rock is the same argillaceous schist as that com¬ 
posing the northernmost. This structure is well seen at the south-west 
point of the Island. 

Batin Kawantr, on the main-land less than a mile cross from Pulo Kra, 
is composed entirely of granite. It is a hill about two hundred and fifty or 
three hundred feet high. Behind it are extensive sugar plantations. The 
sod is a fine rich clay mixed with sand. On the east side of the hill, beds 
of potter's clay occur, from which the coarse conical pots, used in the 
manufacture of sugar, are made. The small hills along the coast of 
the main-land opposite Pmang, are, I understand, entirely cqmposed 
of granite. On this subject, however, I shall not enlarge, as Captain Low 
has already published an account of their structure in the First Volume of 
the Transactions of the Physical Class. For the most part the ground is 
alluvial, and, as stated by Mr. I’inlatson, in his account of the Mission 
to Siam, in some places, resembles peat-moss. 

Such were the observations which I made on two tours round this 
Island, in which every part described was carefully and minutely exa¬ 
mined. Specimens of the rocks accompany, which speak for themselves; 

I am unwilling to obtrude my crude remarks on the Society, but I think 
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the formation round Pinang , will be found entirely primitive, though 
some of the rocks have very little of the appearance of that class. The 
total absence of organic remains of any kind, the great inclination of the 
strata, and their immediate connection with granite, 1 think, lead to this 
conclusion. The accompanying geological sections will exhibit at one view 
the succession and arrangement of the strata. In the direction south and 
north from Piilo Rimau to Pulo lioonting, a distance of thirty-five miles, 
we first find granite, then limestone resting on argillaceous rock, then 
argillaceous schist, and again granite. In the direction from west to east, 
from Saddle Island to Bulla Katvang, a distance of fourteen miles, we find 
argillaceous schist, then granite, then argillaceous schist, and again granite. 

Should the investigation not prove valuable in a geological point of 
view, it has at least extended our knowledge of the resources of Pinang, 
by the discovery of the existence of two valuable mineral substances— 
limestone, including marble, and iron ore, which, should this station ever 
recover its former importance in commerce, may be of considerable utility. 

Pinang, October 18, 1831. 


SUPPLEMENTARY -NOTE ON THE GEOLOGY OF THE ELEPHANT 
ROCK, IN THE QUEDAH COUNTRY 


During a visit which I made in November last to the capital of 
Quedah, I had an opportunity of examining a remarkable rock, called by 
the Natives Gunong Giriyan, but better known by the name of “ the 
Elephant,” given to it by navigators, by whom it is reckoned an excellent 
land mark. As it has not been hitherto described, and as it is in some 
measure connected with my former paper, I hope the following brief 
description of it may not be uninteresting to the Society. 
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The country, north of Quedah peak, is an immense plain, nearly level 
with the sea, covered near the coast with rising mangrove, with a very 
gentle elevation, and bounded to the east by a small chain of hills about 
from sixteen to twenty miles inland. The breadth of the belt of mangrove 
•long the coast varies from half a mile to a mile. This is succeeded by a 
narrower one of atapa, behind which the country is richly cultivated, laid 
out in rice grounds, broken every two or three miles by natural boundaries 
of forest, left most probably when it was originally cleared. The soil is 
a rich whitish clay, mixed with sand. From the above described plain, 
at a distance of about six miles from the sea, and about twenty-four in a 
northerly direction from the northernmost Pulo Boonling , rises abruptly 
the Elephant rock; no hill or other elevated spot being within several miles 
of it. It is of an oblong shape, apparently about a mile in length from 
north-west to south-east, and half a mile in breadth : presenting on every 
side bold and craggy precipices, between three and four hundred feet in 
height; lofty columnar and needle-like masses being here and there 
detached from the main body, and shooting up like the spires or turrets of a 
Cathedral. The top is closely covered with wood, which also rises in some 
places half way up the precipice, shewing the grey or purplish rocks, in 
contrast with the foliage, and adding much to its beautiful and romantic 
appearance. The ground in its immediate neighbourhood is a complete 
swamp, in which grow a variety of marsh plants which were at this time in 
flower. A belt of cocoanuts, plantain, betel-nut, and fruit trees of various 
kinds, extends all round it, and conceals the huts of the Malays which 
appear to be numerous. A deep ditch, either artificial or natural, surrounds 
the whole, and renders the approach to the rock extremely difficult, even 
to elephants, with which the Rajah of Ligore had kindly furnished us. 

It was the object of our guides to shew us the caves with which 
the rock abounds, and which, when Quedah was of greater consequence 
than it now is, made it a place of common resort for the natives, more 
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•spatially the Ckuliah visitors, who seem to have looked upon it with 
some degree of religious veneration. We succeeded in crossing the ditch, 
the elephant sometimes being nearly up to the howdah in mud, and 
having passed through the cocoanut grove found ourselves near one of 
the caves. It was not deep, and was formed merely by the over-hanging 
of the rock. We knocked off some specimens here, and found it to be 
limestone, close grained, of a dark smoke grey colour, (No. 1). In some 
places the grain was coarser, the colour deeper; sometimes brownish with 
minute veins of calcareous spar running through it, (No. 2). Numerous 
stalactitical masses of a dirty white colour and of immense size, hung 
from the face of the rock and from the roof of the cave, and when struck 
with a hammer, gave out a peculiar hollow ringing sound—specimens of 
these will be found in No. 3 of the series. 

Near to this cave there is another, not very deep, but of immense 
height, the light penetrating at top, through an opening, apparently half 
way up the precipice. Between these two extending along the base of the 
rock for some distance, rising a few feet above the surface of the soil, and 
resting on the limestone, is a bed of reddish yellow cellular calcareous 
breccia, containing small angular portions of a deep red argillaceous sub 
stance resembling that composing PuloSousong, formerly described, along 
with small shells and pieces of coral, (Nos. 4, 5, and 6). In No. 4, near 
the label, is a distinct impression of a fossil shell, apparently a species of 
cirrus (?) and on attentive examination with a magnifier, others much 
smaller are readily discovered. We saw the breccia only in this spot; but 
as we found it impossible, from the swampy nature of the soil, to walk along 
the base of the precipice, it may exist in other places which we did not visit. 

The third cave we came to is somewhat further to the northward It 
is of splendid extent, apparently one hundred and fifty or two hundred feet 
in height. The entrance is low, but we ascended a steep slippery road. 
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covered with brown calcareous earth, about sixty or seventy feet, at the 
top of which are numerous stalagmites, one in particular of a large size, 
perfectly white, and resembling at a distance a full length marble statue 
standing on a pedestal. The top of one of a smaller sixe forms No. 7 of 
the series. From this poiDt the cave branches off in several directions; 
the torches cast a lurid glare over the nearer walls, occasionally shewing 
stalactites hanging from the roof, but the darkness of the more distant 
passages was impenetrable. So far as we could see, the roof and sides 
were very irregular, the latter being rugged and precipitous. 

The fourth cave is situated apparently at the north-west end of the rock. 
I say apparently ; for not having a compass with us, we were obliged to 
guess in what direction we went, and on that account 1 cannot be so correct 
as I could have wished to be. In our way to it, at the foot of a detached 
limestone rock, at an elevation of from eight to ten feet above the level of the 
surrounding plain, we found a mass of shells, principally cockles, oysters, 
and a larger kind of muscle, connected together by calcareous matter, the 
interstices being filled with soft earth containing numerous smaller shells, 
(Specimens 8 and 9). The mass was of irregular shape between three and 
four feet square, and about the same in thickness, perfectly superficial, 
and not connected in any way with the rocks near it. No appearance of 
strata of shells was discovered in the neighbourhood. It will rest with 
better Geologists than myself to determine whether these are to be con¬ 
sidered of a fossil nature, and in this enquiry the nature of the small shells, 
embedded in the soft earth, may be of material use. Leaving the shells, 
we ascended about thirty feet among large loose fragments of limestone of 
the Same nature as No. 1, and by a small opening in the rock, entered a 
dark and spacious cave, which, as the eye became gradually accustomed 
to the change from the previous glare of snnshine, and distinguished the 
surrounding objects, appeared to us like a splendid gothic Catheural in 
mini, The walls are worn smooth, as if by the action of water, and 
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covered with a white chalky coating. The roof is dome-like. The 
•talactitic masses form numerous fret-works, with arched window-like 
apertures. There are numerous chambers too, and lofty perpendicular 
passages, some of them admitting light at top, communicating with each 
other, and producing a pleasing effect when illuminated from within by 
torches. In places, water is dripping constantly from the roof, but few 
stalagmites are formed. The floor is nearly level, covered with a brown 
calcareous earth and with portions of calc-tuff. (No. 10). No. 11 is a 
specimen of the calcareous sinter, from some of the stalactitic masses. 

No sculpture or inscription of any kind was found in the caves. A 
tradition exists among the natives of the county, that it was atone time sur¬ 
rounded Jby the sea, and from its general appearance, from the existence of 
fossil shells in the breccia, and the low nature of the surrounding country, 
I am inclined to believe that such was the case, and that at no very distant 
period. It may be remarked also, that it strongly resembles the description 
of the Limestone Rocks, on the Tenasserim Coast, given by Captain Low. 

During the same tour, I had an opportunity also of visiting the near¬ 
est range of small hills before mentioned as running parallel with the 
coast, about sixteen miles inland, and about three miles to the eastward of 
Alu Oanuh, the then residence of the Rajah of Ligore. They are so 
thickly covered with wood, that it is scarcely possible to examine their 
geological structure. In a few places, however, portions of rock jutted 
out above the surface, and were found to be formed of a fine kind of 
sandstone, of which probably the whole range is composed. 
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DESCRIPTION 

OF THE 

BUCEROS HOMRAI OF THE HIMALAYA. 


By B. H. HODGSON, Esq. 

ACTING RESIDENT AT KATHMANDU. 


Order, Insessores. Tribe, ComnosTKEs. Family, Buceridtr. 
Genus, Buceros. Species new. 

The Homrai Buceros. B. Hbmrai. (Mihi.) Habitat, The Lesser hills 
overlooking the plains of India, from the Ganges to the Brahmapdtr. 

SPECIFIC CHARACTER. 

Largest, black, Buceros, with white tail and neck; the wings doubly, and 
the tail singly barred. 

The HomrSi Buceros (so called by Parbatiahs of Nepal,) is the largest 
species yet discovered of this singular Genus, measuring four feet and a 
half from the tip of the bill to the end of the tail, and six feet in expanse 
of wings; and, as all the peculiarities of the Genus are fully developed in 
this species, their exhibition on so large a scale presents a spectacle 
calculated to arrest the attention of the most incurious observer of nature. 

The HAmr&t tenants the whole of the lower rangeB of hills which lie 
contiguous to the plains, from HandwAr, on the west, to Asdm on the east; 
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and, following the course of the larger rivers traversing these regions, it 
penetrates a considerable distance into their mountainous interior ; but in 
such cases always confines itself to the low valleys through which the 
rivers flow, and never ascends the neighbouring lofty mountains to dwell 
among them. I have been told, indeed, that the Homr&i is migratory, that 
he tenants the lower hills only during the winter and spring, and proceeds 
northward to the vicinity of the snows on the accession of the hot weather, 
there to reside during the hot months of the year. But I am inclined to 
doubt the accuracy of this rcpoit, though it came from those who are 
familiar with the bird during his periodical residence in their limited 
district, and though I have known a tail feather of the species to be picked 
up in the woods of Nepal proper, where the H6mr£i certainly does not 
reside at any season ; the only feasible explanation of the circumstance 
therefore seems to be, that the feather in question was dropped by a 
passenger,—probably, a casual passenger merely. 

The district above alluded to is Dumjd, a small, open, and cultivated 
tract, at the confluence of the Rusi and Sun Kosi, in the interior of the 
mountains, but communicating by the narrow valley of the latter river 
with the lesser hills and Tdrai. Dumjd is low and hot, with a climate like 
that of the Tdrai. It is abundantly furnished with fine old Burr and Pipal 
trees (Ficus lnd. and Religiosa): and these probably form the attraction 
which draws the Homr&i to the spot: for, he loves the lofty perch they 
afford and is passionately addicted to their fruit. I have received speci¬ 
mens of this species from the neighbourhood of Haridwar , from the 
valley of the Rapti, near where it enters the plains—and from Dumjd ; 
but all procured during the cold season, when alone Europeans can safely 
enter those malarious tracts. The people of Dumjd assure me that the 
Homrii frequents their district exclusively in the cold season, and that he 
migrates northerly towards the close of February, when the heats become 
excessive. I cannot imagine the species to be truly migratory, but think 
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it probable that it resort* to the valleys during the cold weather ; to the 
proximate heights, both for coolness and for retirement in the breeding 
season, during the hot and rainy months of the year: and, it may be 
easily supposed to move about from district to district, within the general 
limits assigned to it by nature, in quest of those various fruits which 
constitute its principal, if not exclusive food ; and thence to appear migra¬ 
tory to the peasantry of any one of these districts. 

Having weighed attentively the substance of what is said by Cuvier, 
by his translator, and by Siiaw, respecting the habits in respect to food of 
the birds of this Genus, 1 am convinced that there is a great want of well 
ascertained facts on the subject, and that the prevalent opinion which holds 
that these birds are, in the main, carnivorous, and feed principally upon 
small birds, rats and mice, lizards, frogs and even carrion, is erroneous. 
Mr. Griffith is assuredly mistaken in the supposition “ that they do not, 
in a natural state, ever take fruit.” Cuvier, II. 431. Aves. Imp. Oct. Edi. 

Of the four species with which I am acquainted, 1 have myself seen 
two take fruit, in the wild state; and, having subsequently shot them, 
have found their stomachs filled exclusively with fruit.* The remaining 
two species I never beheld, at liberty, but have kept them, in confinement 
for months. Both of these showed a great aversion to the frogs and 
lizards which, in conformity with the prevalent opinion as to their habits, 
I, at first, offered them. Both always refused to touch mice, rats, or 
birds: but without manifesting any disgust at the sight of them: and, 
lastly, both were fed entirely, after testing their palates, upon fruits and 
boiled rice, as that sort of food which was found to be most agreeable to 


• A common Indian species, different from either of these, was described in the Asiatic Society's 
Transactions so long ago as the time of Sir W. Jones ; it is stated to be frugivorous in the state of 
nature, and to feed upon the nut vomica, voraciously, so long as such food is procurable. Mr. 
Stirling notices the tame fact in bis account of Cuttack, in the 16th vol. of the Researches. 
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them, though both would still eat fresh good meat, either raw or dressed, 
when vegetable diet was not within their reach 

No offensive odour exhaled from the bodies of any of these four species, 
and the flesh of all was wholesome and pleasantly flavoured ; facts which 
seem to me decisive as to their never feeding on carrion, or even, on such 
living animals as lizards and frogs. 

Is there a single bird or beast among the carnivora, the flesh of which 
is wholesome and agreeable to our taste '! 

With respect to rats, mice, and small birds, it appears to me that so 
awkward and inagile a creature as the Buccros (any of the species) must 
aoon die of hunger if he were obliged to sustain himself by the capture of 
such nimble prey. 

Indeed, the whole externa/ structure of the birds of this Genus affords 
a strong presumption against their being carnivora—except in the meanest 
aense: and against their feeding on unclean reptiles and carrion, the 
absence of offensive odour from their bodies and the wholesomencss of 
their flesh, to my judgment, arc conclusive. 

What arguments might be drawn on either side from their internal 
structure I am not anatomist enough to say, and 1 regret I could not 
afford Dr. Bramley* an opportunity of judging. The character of the 
stomach and intestines of a large species which forms the subject of the 


• To the kindness of this gentleman I am indebted for the anatomical observation! upon the 
H&mrki which are given in the sequel. Imperfect thougn they be (circumstances not admitting of a 
regular dissection, of Use bird) they will I am sure be acceptable and highly valued by every true 
ornithologist—most works on the subject, ami especially English works, being sadly deficient in this 
important kind of information. 
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present paper is, I believe, doubtful: but I can only say that the stomach 
is single, simple, pretty capacious, thin in its coats, and possessed of very 
moderate rugosity on its internal surface ; and that the intestines are 
rather less than three times the length of the body, from the occiput to 
the rump ; not obviously distinguishable, by difference of size or other¬ 
wise, in the different parts ; and of such capacity or diameter as just to 
admit the insertion of the fore finger. I fear that the foregoing remarks 
respecting the habits in respect to food of the birds of this singular Genus 
will, to some, appear tedious and prolix. But whoever is aware of the 
strict analogy between structure and habits which prevails throughout 
animated nature, will receive indulgently every attempt to remove errors 
as well as to contribute facts relative to the most important of the habits 
of a large groupe of birds which are so singularly formed that we are apt 
to regard their structure as monstrous and anomalous. 

1 proceed now with the description of the species before me, of which 
1 possess ten specimens, showing both sexes in maturity, and the young 
in various stages of progression towards it. From a comparison of these 
I am led to conclude that the body of the HAmr&i does not reach its full 
size under two or three years, and that the bill and casque, especially the 
latter, are not perfectly developed in less than four or five years. 

At birth, the young have no casque. The deveiopement of this 
appendage to the bill commences from behind; and, in the posterior part, 
is tolerably distinct as to form by the close of the first year; whilst, ante¬ 
riorly, there is no distinction but that of colour between the casque and the 
ridge of the bill. In the second year, the fore part of the casque begins 
to rise and spread itself out above the bill; but does not acquire its full 
dimensions and characteristic shape till the fourth or fifth year, as will be 
more particularly noticed hereafter in speaking of the young. 
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This species is gregarious, like most others of the Genus; of staid and 
serious manners and motions; full of confidence and quietness; and seem¬ 
ing to prefer the few open and cultivated spots in the wilds it inhabits— 
which spots are usually limited to the banks of rivers. There, perched on 
the top of some huge, fantastic Bar tree, you shall see this large, grotesque, 
and solemn bird sit motionless for hours, with his neck concealed between 
the high shoulders of his wings, and his body sunk upon his tarsi; the 
very type and emblem of the orient world ! 

Occasionally, he will take a short flight accompanied by one or two 
companions (for he is a social bird,) to some other high tree ; never, so far 
as I have observed, alighting on the ground, nor on a low tree. Twenty or 
thirty birds are commonly found in the same immediate vicinity—six or 
eight, upon the same tree, if it be large. And they will continue perched 
for hours with the immoveable gravity of judges, now and then exchang¬ 
ing a few syllables in the most subdued tone of a voice as uncouth as their 
forms and manners. 

This subdued articulation is not louder than, and is similar in character 
with, the low croaking of a bull frog. But, if the remorseless gunner in¬ 
trude upon this solemn congress and bringdown, without mortally wound¬ 
ing one of its members, the clamours of the captive bird will utterly amare 
him. I cannot liken this vehement vociferation to any thing but the bray¬ 
ing of a jackass its power is extraordinary, and is the consequence of an 
unusually ossepus structure of the rings of the tracha a and of the larynx. 
The Homrtli flies with his neck stretched out, his legs retracted, and his tail 
levelled and somewhat expanded. His flight is straight and laborious, with 
heavy uniform frequent motion of his wings, which, though ample in sixe, 
have not apparently a corresponding degree of energy—I presume so, from 
the short, straight, and laborious flight of the Hfimr&i ; and Dr. Bramley 
infers the same thing from the lax concatenation of the vertebra; of his back. 
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With respect to food, my impression is that the HymrAi is almost 
exclusively frugivorous. That he is altogether so, at certain seasons, is un¬ 
questionable ; for, out of six birds which 1 opened in January and February, 
there was not one the stomach of which contained a single particle of any 
thing hut the fruit of the Pipal tree. 

When and bow the Homrai nidificates, I cannot ascertain : but I pre¬ 
sume that bis habits m respect to breeding are similar to those of the 
linen os Mi/ialcnsis, a species of nearly equal size, tenanting the same 
region which I described four years agom the Society's Transactions. And 
it may be observed, that tins peculiar nidilication explains the serious in¬ 
jury done to the bill; which nothing that is known of the bird's habit- m 
respect to food will, in the least, account for. The mature male oi the 
iloini.ii species measures four and a half feet long, and six feet in width 
between the wings. 

The bill is neailyafoot in length, of straight measurement,—consi¬ 
derably more, if mcasuied along the curve ; and ■ f"l is one and a half 
foot. The lull and casque are both extremely huge, and bear a i lose 
r< -emblalu e in their forms to those of the lli/ionteil linen os The legs aie 
short and stout, and the feet exhibit the perfection ot that peculiar struc¬ 
ture which induced (Hu n to separate hi- Syndactylos from the promis¬ 
cuous heap of the Passerine birds. The body i- full and plump, lint very 
small in proportion to the size ot the extremities. The neck is as long as 
the body, the vertebra' being large in size, though few in number. It is a 
long, lank bird, of nncompact .structure, aliuo-t helpless on the ground, and 
of but limited power on the wing, with leet incapable of grasping, in the 
raptorial sense, but admirably suited for laying a strong hold upon the 
larger branches of those tall trees in which the species seem to spend nearly 
their whole lives—-feeding and roosting in one and the same place, and 
having no necessity to go abroad in search of water, since they never take it. 
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The bill is extremely large, cleft to the eye, smooth, hard, considerably 
arched throughout, much compressed, except at the base, -where it is as 
broad nearly as high, the cutting edges broken and separated in the cen¬ 
tral parts of the lull, closed and even towards the extremities, but not in¬ 
terlocked. The cutting edges are composed of a separate brittle substance, 
-which, in the perfect bill, is furnished with serrations. But as these ser¬ 
rations, together with most of the substance containing them, are not deve¬ 
loped in the young bird and are soon, for the most part, destroyed, nor 
ever afterwards replaced, in the niaturcr one, it is as difficult precisely to 
define them as to conceive the purpose for which thev were intended. 

The hard substance in wdiich these serrations are cut, likewise lines 
the whole inside of the bill, and is never itself entirely destroyed on the 
cutting edges, though the teeth-like processes are: its entrance into the 
composition of the bill, must give the bill considerable additional power. 

The palate is placed near the cutting edge of the upper mandible : in 
the lower mandible it is remoter, except near the lip, where, as in the upper 
one, the palate lies in contact with the cutting edges of the bill, both man¬ 
dibles of which are nearly solid towards their forward extremities. A sharp 
ridge runs down the entire centre of the inside of either mandible. The 
upper and lower mandibles are of equal length, and rather sharply pointed. 

The casque is rested on the basal part of the hill and on the cranium, 
passing beyond the posterior boundary of the latter more than an inch and 
a half. Its most forward point is about four inches before the eye; its 
most hindward three and three-quarter inches behind it. From the tip 
of the bill to the forw r ard point of the casque, nine inches. The casque is 
frail, hollow, very large, flat topped, broader than high, as broad almost 
before as behind, its upper surface level with the margins, posteriorly 
dipped between them, and inclined towards the ridge of the bill, anteriorly; 
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squared behind, concavely crescented before, with the horns of the crescent 
elevated otic inch above the bill, and directed forwards and downwards 
with a slight curve parallel to the bend of the bill: the posterior edge of 
the casque, lull, rounded, and soft; the lateral and anterior edges, spare 
and hard. 

The nostrils arc small, subtriangulai or irregular oval, transversely 
cleft, placed at the base and top of the bill, where it joins the casque, and 
covered with incumbent reflected setaceous feathers. 

The longue is fleshy, flat, small, with point entire ; its position, the 
bottom of the throat. 

The head is small; the parietal and occipital bones, firm and solid ; 
those of the anterior parts of the skull, cellular and feeble ; the occiput, 
strikingly defined and furnished with large transverse and vertical crista'; 
the orbits, medial and almost entire. Both eyelids have strong bristly 
lashes, tlie upper being the stronger and conspicuously flattened or 
depressed. The tail is long and rounded slightly, consisting of ten very 
broad, strong, feathers of nearly equal length, but the laterals somewhat 
shorter than the centrals, and subgradated from below- 

The wings of medial length, high-shouldered, rounded, acuminated, 
the sixth quill longest; the fifth and seventh nearly equal to it; the first 
and second much smaller, narrowed, sharp, and incurved; the longest pri¬ 
maries and longest secondaries, equal; the tertials and scapulars, small. 

The legs and feet very stout. The tarsi, low ; knees plumed before ; 
acrotarsia, brokenly and heavily scutellatcd; posterior and lateral surfaces 
of the tarsi, covered merely with coarse reticulated skin ; the toes, of sub- 
medial length, depressed, broad, shielded by a single row of transverse 
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heavy scales, and of strictly gressorial or syndactyle character; the nails, 
arched, compressed, obtuse. 

The dimensions will be given in detail in the sequel. The colours are 
as follows : 

The casque and upper mandible of the bill, deep waxen yellow, merging, 
more or less, into rich red, on the top of the casque, and towards the tip of 
the upper mandible; the tip itself, and the lower mandible, ivory while ; base 
of both mandibles, anterior and posterior surface of the casque, a line along 
the ridge of the bill, its cutting edges, aiul the whole inner surface of the 
bill, blaek; iris, intense crimson ; legs, deep obscure green ; nails, black¬ 
ish ; naked skin round the eye, full black; body and wings, subtermmal 
bar on the tail, chin, and junction of the head and neck, black—the body 
above and wings, feebly glossed with green—the rest, unglossed ; neck, 
yellow-tinged white; tail, pure white, with a broad black bar crossing it 
entirely at the distance of three inches from the lower extremity: all but 
the two first quill-feathers of the wings, broadly whitened at either extre¬ 
mity ; tips of the long coverts, also white, forming altogether two conspi¬ 
cuous white bars on the wings : vent, rump, thighs, legs, and upper and 
under tail coverts, dirty white. The unctuous secretion from the rump is 
of a yellow colour; and, either with this, or with a local secret ion of the 
same kind, several of the prime quills are dyed on the white part of them, 
going to form the upper bar of the wings. Why this spot should be thus 
dyed, and no other part of the plumage, I cannot imagine: but note the 
fact, because all my specimens agree in respect to it. 

The whole plumage of the head, neck, inferior surface of the body 
and of the thighs, is lax, discomposed, and more or less setaceous; that of 
the hind head being also somewhat elongated, forms a slight drooping 
crest. The crest aud the neck feathers, the bird erects partially when 
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much excited. The female and young ofa year old have the legs and 
plumage coloured exactly like the male; from which the former differs by 
being smaller; by having the irides of her eyes, pure hoary the naked 
skin of the ophthalmic region, pale purpurescent dusky; and lastly, by 
wanting the black colour which distinguishes the casque, and ridge, cutting 
edges, and interior surface of the bill, in the male; those parts of the 
casque and bill of the female, being red, like the subterminal portion of 
the upper mandible of both sexes. The mature female's bill and casque 
are shaped like those of the old male, but are both smaller in proportion. 
The young have the bill much less arched, and thicker in proportion 
to the length ; the cutting edges are entire, void of brittle substance or 
serration; and there is no casque, or rather the casque has no develope- 
ment or separation from the bill, anteriorly : for, posteriorly, it has both, 
very soon after birth. In the second year the anterior portion of the 
casque begins to separate itself from the ridge of the bill, exhib'ting a 
wedge form; the apex of which, gradually receding during the third year, 
in proportion as the caBque acquires more breadth and height in front, 
comes at length, in the mature state to form the centre of that inward 
curve or crescent, the ends of which are the hortts of the old bird’s casque. 
The younger the bird, the narrower the casque in front. Old age alone 
makes it nearly as broad before as behind. The sketches appended to 
this paper will complete the illustration of this point, which is of importance 
as a guard against the multiplication of imaginary species, derived solely 
from diversities in the shape of the bill and casque. The bill of the young 
is at first of an uniform pale greenish yellow, with a small portion of black 
at the base only. Their ins, whatever the sex, is at first, hoary, like the 
females; and the ophthalmic region, pale dusky. Posteriorly, their 
casque is soon darkened, if they be males—reddened, if they be females: 
but the black or red space defining the separation of the casque and bill, 
anteriorly , is later manifested; because its manifestation depends upon the 
developement of the casque itself in that the last developed part of it. 
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The black or red (according to sex) of the cutting edges begins to 
show itself before the close of the 1st year, and is as abundant in quantity, 
though less intense in hue, in the 2nd year as ever afterwards. Indeed, 
the brittle edging of the bill, which is alone thus coloured, no sooner is 
perfected than it begins to be rapidly destroyed, together with the serration 
which belongs to it—an enigmatical circumstance—like, indeed, every 
other connected with the purpose and use of this most remarkable organ. 

Dimensions of the mature male and female. 


Male. Female. 
Ft. In. ~ Ft. In. 


Tip iif bill to end of tail. ‘4 51 4 0 

Bill, length of,. 0 Hi 0 I0J 

Ditto basal height of,. 0 3 0 

Ditto basal breadth of, . 0 2$ 0 24 

Length of the casque,.. 0 7i 0 6 

Utmost height of ditto. (I 1 j 0 1J 

Utmost breadth of ditto,. 0 31 0 3.4 

Length of the tail. 1 <!4 1 6 

Expanse of the wings. 5 10 5 5 

Length of the tarsi. 0 3j 0 3 

J-iength of central toe and nail,. 0 4 0 3} 

Weight of the bird, ... H^lbs. 7 ^Ibs. 

Weight of the bill and skull,. tqoz. caret. 


Valley oe Nepal, February, 1832. 


BEMARKS ON THE SKELETON OF THE HOMRAt liUCEROS. 


The Bill consists of horny matter of considerable thickness, which 
lies in close adaptation with the osseous structure beneath, and is con¬ 
nected with it by means of a membrane, over which numerous small 
blood vessels are distributed. 

The casket, (which is of large dimensions) has also its horny cover¬ 
ing, though somewhat different in structure, that of the former being 
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laminated, and bearing a close resemblance to proper horn, while that of 
the latter is much thinner, of a fibrous consistence, and nail-like in struc¬ 
ture. The edges of the bills, of both mandibles, for about two-thirds of 
their length from the point, are horny, but the surface is so irregular and 
jagged, that their appearance leaves no doubt that much of the natural 
structure has been broken off, by the use which the bird makes of its bill. 
In consequence of this, when the jaws are closed, there is a considerable 
vacancy between the cutting edges throughout the whole central portion of 
the bill. In some specimens in Mr. Hodgson’s Collection the fractures 
have taken place at such regular intervals, as to give to these parts the 
appearance of natural indentations. 

To entertain this supposition, however, would be erroneous, as there 
is evident reason to believe that in a bill, which is perfect, the horn by 
which it is covered does not extend to its edges, but terminates just before 
it arrives at these, in a substance not very much unlike solid bone. The 
chief difference from the latter, is, that it is exceedingly brittle in its nature, 
though it is by no means deficient in compactness. 

That this substance borders the edges of both mandibles in uieir 
natural state, is confirmed by numerous portions which are here and 
there left, in all the specimens I have examined. There is, also, a distinct 
line along the bills denoting the termination of the horn, into this hard 
structure, which in some individuals is of a red colour, and in others, a black. 

There is no trace of reproduction, after a portion has once been destroy¬ 
ed, and so much of it is lost in early life, that in the mature bird, the only 
portion which Remains perfect, is that which is situated nearest the cranium. 
In six out of seven of these birds which I have examined, all these remain¬ 
ing portions of sound bill, have certain serrations on their edges, which 
proceed from this hard substance : in none, however, were they arranged 

2 v 
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with sufficient regularity, to admit of description, except in the individual 
from which these notes nre chiefly taken. In this four very distinct ones, 
may be said to exist on the lower mandible, the interval between them 
being so uniform, and their shape so similar, as (from appearance alone) 
to warrant the conclusion, that they are natural productions. In the 
seventh specimen, however, (which was a young bird supposed to have 
been hatched last rains,) these serrations are not visible in either mandible. 
Whether (in the perfect Ini 1 ) these tooth-like processes always exist, 
I will not pretend to cleteimine. If they should be found to do so, it would 
at least, become a matter of question, for w hat purpose they are destined. 

The circumstance of the birds being deprived of a greater portion of 
the hard substance constituting the edges of the mandibles, in early life, 
never afterwards to be replaced, is a strong evidence that such formations 
are not necessary in aiding them to secure their food, moreover their 
presence would not correspond with the supposed natural habits of birds 
of this class; and, furthermore, as there are no corresponding depressions 
in the opposite jaw, and as the birds live very well without them, it is 
reasonable to conclude, that the existence of serrations on the edges of the 
bill must l>c denied, as necessary formations, while to account for their 
presence, the exceeding brittleness of the substance on which they are 
situated deserves consideration. 

The osseous structure beneath the horn, as will be apprehended from 
the enormous size of the bill, is very liuht, and cellular throughout, The 
same structure is also observable in the bones, at the base of the skull. 
The casket on its interior exhibits nothing hut innumerable, and minute 
processes of bony matter, which intercept each other, so as to form a reti¬ 
cular arrangement. The upper mandible is firmly joined to the skull, 
and admits of no motion w hatever. This variety (which is met with in 
very few birds) may be accounted for in the present species, by the large 
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casket being fixed to the bill, and resting posteriorly on the vertex of the 
cranium. If therefore the uppermandible was moveable, the casket would 
become subject to the same motion. The orbits, when compared with 
those of most birds, are small. There is no trace of a bony septum 
between them, but their division is effected by a membraneous partition. 

The cervical vertebras are twelve in number. They are articulated to 
each other by means of small eminences, which constitute real joints. 
This provision, which is common to all birds, gives to them that peculiar 
freedom of motion in the neck, which the whole class more or less possess. 
In the Buccros this motion is considerably restricted, in consequence of 
tiie firmness with which the ligaments bind these vertebra- together, par¬ 
ticularly the large one which passes along the proterior part of the neck, 
and attaches itself to the spinous processes. 

There are seven dorsal vertebra:—which are articulated to each other 
by synchondroses, or plane joints. They are all separated, but the first 
three are so firmly connected by ligamentous structure as scarcely to 
admit of any motion; the remaining four are more loosely joined. 

It may here be noticed, that as the dorsal vertebra; of this bird are 
all moveable, it becomes a matter of question whether its power of flight 
is in any way remarkable. Except m birds which do not fly, as the 
Oslriih, itc. it is by no means common to meet with examples, where the 
dorsal vertebra- arc all separated ; two or more of these arc generally 
found to be anebylosed at their spinous processes, or the whole of this 
part of the spinal column may be rendered fixed and immoveable, by the 
connecting ligaments being substituted by bone, as is very generally tbe 
case in birds possessing any extraordinary activity on the wing, or 
extensive power of flight. 
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This immoveable structure of the dorsal vertebrae of such birds is 
believed to be necessary to [live support and steadiness to the trunk, 
during their varied and violent motions in flying; and Bi.umenbach affirms 
that the want of motion inseparable from it, is compensated by a larger 
number, and greater mobility of the cervical vertebrae 

In consistency with this supposed system of compensation, the 
Buceros which lias dorsal vertebrae capable of considerable motion, has 
but a small number of cervical vertebra-,* and those rigidly connected. 
From this structure 1 infer the limited power of the Buceros on the 
wing. 

The lumbar vertebra-, as is usually met with in birds, are all ancliy- 
losed. The remains of the three first are visible, but their total number 
cannot be ascertained. The tail consists of eight bones. The last of 
these is the largest, its greatest length measuring 2.J inches by 1„ in 
breadth.1 All the bones have large, transverse processes. They have 
also spinous ones situated posteriorly, and the three last bones, have in 
addition these processes arising from their anterior surface. 

There are seven pairs of ribs, namely, six pairs of true ribs, and one 
pair false, i. e. not attached to the sternum. The true ribs are joined to 
the sternum by intermediate bone. 

The pelvis is similar in formation to that of birds in general, except 
in those which have it closed in front. The length of the os innominatum 
is 4J inches, and 2,; inches broad. 


* ThiB bird has the same number of eervical vertebra as the raven, anu one less than the cock. 

t The dimensions of this bone are noticed in consequence of the bird being observed to erect 
and expand its tail feathers. 
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The sternum measures in length 1 inches, and in breadth 2j' inches. 
The large crista which is situated on its centre and anterior surface is 
continued down the whole length of the bone—and is elevated above 
the sternum at its most superior part 1 ] inches. At this point is united 
the os jugale, (merry thought) the cornua of which proceed outwards and 
upwards, and nearly parallel with the two large clavicles, to meet the 
scapulae at the point of either shoulder, where these three'bones become 
united by ligament, and form the glenoid cavity of the Humerus. 

The wing is composed of the following hones. 1st. Thebrachium — 
which measures 'A inches in length. 2udly. The two bones of the fore¬ 
arm (cubitus) in length 81 inches. On the largest of these hones are 
fourteen small prominences, arranged longitudinally, which denote the 
attachment of the quills of the secondary feathers of the wing, ,‘lrdly. 
Two small bones of the carpus. One articulated by firm ligamentous 
structure to the end of the small bone of tiie fore-arm. The other is 
attached to the large bone, by means of a long tendon, which is 
inserted at about the terminal third of this bone, and it is joined to the 
metacarpus just below its articular surface, by ligaments. This bone is 
situated in the bend of the wing, and plays on the outer condyle of the 
metacarpus. 4thly. The metacarpus consists of two bones consolidated 
into one at either extremity, and open in the centre, it measures in 
length 2J inches. 5thly. The thumb (false wing) formed of one small 
bone, articulated to the metacarpus ou its edge, and immediately below 
the carpal joint. 8tbly. The two fingers, that which lies on the same 
line with the thumb, has two phalanges, the other but one. 

The Leg. The first of these bones is the femur, in length 4 inches. 
2ndly. The tibia and fibuia. The former measures 51 inches in length. 
The fibula, which caa Bcarcely be said to exist, in most birds, is very 

2 z 



180 


DESCRIPTION OF THE BUCEROS 


distinct in this. It enters into the formation of the knee joint, and com¬ 
pletes the outer border of the articular surface, part of the outer condyle 
of the femur resting on it. 

The breadth of its articular surface is j| of an inch. From this it is 
continued down the outer edge of the tibia, but has no osseous connec¬ 
tion with this bone, for i!,; inches in its extent, here the two become 
consolidated, and towards the termination of the bone, above the articula¬ 
tion, a small speculum of bone arises from the tibia, which denotes the 
termination of the fibula, .(rdly. One inetalai.sal bone (answers to the 
tarsus) 2f, inches in length. To this the toes are articulated. There is 
also another which is attached to the metatarsal bone, by a broad 
synchondrosis, and proceeds obliquely outwards, for the cxciusne attach¬ 
ment of the great toe. This bone has been observed in some birds of the 
Parrot kind, and 1 can testily its existence in the foot of ttic Kingfisher. 
It is difficult to coincy an adequate description of its shape. In the pre¬ 
sent bird (Hueeros) it is nearly ail ineh in length, and half an inch broad 
at its articulation to the gieat toe. It has two prominences on its articular 
surface, resembiingcondyles, the inner one being tw ice the size of the outer. 
To meet these, there are corresponding concavities at the base of the first, 
phalanx of the great toe, by which a very perfect joint is formed. There 
is a groove in the metatarsus in which the base of the small bone is lodg¬ 
ed. 4th. The toes. The great toe has two phalanges. The one next to 
this has three, the middle toe four, and the last has five. 

Memorandum co’rcrning the anatomy of the tongue and vocal organs of the 

Homn'd Vuceros 

The tongue consists of a small fleshy substance of triangular form, 
and measures about l of an inch in length, by d an inch m breadth. 
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On its superior surface, and towards its base, several small cartila¬ 
ginous processes are seen with their points directed towards the throat. 
Its edges, on this part, are also barbed by similar structures. 

There are no papillae observable on its surface, nor can it be consider¬ 
ed an organ of taste, since it is so firmly connected to the sheath of the 
lower mandible, as to admit of little or no elongation even with the aid of 
considerable force, which I applied very shortly after the bird was shot. 

The tongue terminates by a strong fleshy attachment to the os 
hyoides, and is further connected to this bone, by a process of cartilage 
which arises from the body, or centre portion, of the latter, and becomes 
embedded in the muscular structure ol the organ to about half its length. 

The os hyoides consists of five distinct bony portions ; viz. The 
body or centre portion, and two pairs of cornua. The first pair of the latter 
are attached to either side of the body ; at the ends of these commence 
the second pair, the two being joined together by synchondrosis. Their 
united length on either side is three inches. The second pair terminate 
by two round cartilaginous ligaments, which measure { of an inch in 
length. 


Besides the cartilaginous process which arises from the body of the 
os hyoides, and gives attachment to the tongue, there is a similar one 
which proceeds from its inferior edge, whi< h is loosely hound to the poste¬ 
rior surface of the trachiea by bands of ligamentous structure. 

The superior larynx is formed anteriorly and latterally of bone, its 
posterior part being completed by membrane. 
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The annuli of the Trachcea are all more or less ossified, and there is 
also a bony addition at the inferior larynx, which latter may probably be 
the same as that found in some of the Mergan sers. 

M. J. BRAMLEY. 
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GREAT TRIGONOMETRICAL SURVEY OF INDIA. 


Br CAPTAIN EVEREST. 
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C Hex** the iU bstatiCL of a Ie<tui' ihhii » -it in i.''u<hnh >o <>f I In Mm nuni< sl/ijnratiu, btfon Ihr Phyutul (J.iss, 
on Ihr 11 th A/hm/i, IKJ1 , 

Notiiim; seems easier, at first sight, than to measure a straight line. If, 
ior example, it were wanted to aseertain 'he length of the room we are in, 
or the table at Minch we are sealed, the mode commonly used on such 
occasions wouhl he to take a foot rule and try how many feet arid inches 
it was, and this would he ipute a sufficient solution, provided that there 
was no further object in \iew. Rut suppose it were necessary, for any 
particular purpose, to know the exact relative lengths of two rods or bars, 
one of which had been determined in the national measure of Prance, and 
the other in that of Great Biitain. Here, at (irst sight, is a very different 
stale of the ease, for the English rod has been measured with a foot rule, 
and so lias the French ; lint though they should be of perfectly equal size, 
the lengths would not be expressed by the same number. 

3 A 
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Now, therefore, it will be necessary to enquire a little further into 
first principles; and let us think for a moment what is afoot? The 
definition of a foot is twelve inches. But what is an inch ? Three barley¬ 
corns make an inch, as we are told a* school; hut unless it can be shewn 
that the ears of barley in France have grains longer than those of England, 
it will be difficult to shew why the French foot is longer than the English, 
as it actually is, in the ratio of seventeen to sixteen nearly. 

Our enquiries will lead us at last to the conclusion, that what is called 
the standard yard of Great Britain is not in itself a very determinate 
quantity; for take several carpenter's rules and compare them, and two 
of them will hardly ever be found alike; or take several brass Gunter’s 
scales, as they are called, made by different makers, and they will by no 
means correspond with each other, nor is it easy to conceive how they ever 
should, for the old standard of reference, which was three grains of dry 
barley, must vary from causes almost innumerable. Indeed, in respect to 
national measures we owe no thanks to the wisdom of our ancestors. 

Every country in Europe has its own particular measure. We have 
the Roman palm, the braccio of some parts of Italy, the ruthe of Dantzic, 
and numerous others. Most countries, however, use the term foot, because 
it is supposed to have some relation to the part of the human frame most 
easily accessible, and whether it is owing to what are called the degene¬ 
rate modern days, or whether the foot originally was taken as a standard 
of reference with a shoe on it, certain it is that twelve of our inches, 
aow-a-days, would be rather a longer foot than suitable to ornament or 
utility. 

It will hardly be credited, yet it is an actual fact, that there are in 
Europe alov.c upwards of a hundred different national measures, no two of 
which had, until lately, their relative values thoroughly known ; but if 
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this should seem matter of surprise, still more extraordinary must the fact 
appear, that until Captain Kater’s experiments, there were measures 
bearing the same denomination in our own country, none of which corres¬ 
ponded, so that every instrument maker, when he constructed what he 
called a standard scale, meant his own standard, which he had either arbi¬ 
trarily fixed for himself or inherited from his predecessor. 

The want of a determinate idea as' to the measures of antiquity, has 
always been a subject of perplexity to Historians,—in fact, in consequence 
of that defect, all the geographical details which we derive from that source 
are a maze of conjecture for the ingenious to build airy hypotheses in. 
Perhaps, however, this system, incongruous as it is, might have been suffi¬ 
cient to answer the ordinary purposes of life, and, if the question had never 
been started respecting the figure of the earth, would, in all probability, 
have been but little agitated, if at all. 

This was at first a mere speculative question : it had been found by 
M. Richer, a French mathematician, who went to make astronomical 
observations at Cayenne in 1672, that the pendulum of his astronomical 
clock, which had been adjusted to mean time at Paris, lost above two 
minutes every day, and he was obliged to shorten the pendulum one-tenth 
of an inch to make it keep time in the latitude of A! 6S*. Such was the 
state of science at that period, (and we are not yet two centuries removed 
from it,) that when he drew conclusions from this respecting the diminu¬ 
tion of gravity, his opinions were scouted by almost all the Philosophers 
of Europe. Huygens was the first person who gave the subject fair con¬ 
sideration, and as he brought with him an overpowering array of mathe¬ 
matical reasoning, combined with inexhaustible patience, he soon discov¬ 
ered that pendulums must vibrate slower as they approach the equator; 
but even Huygens could not solve the difficulty of assigning the form 
which the earth must assume. He made what we should call the two 
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that an increase of density in the earth, from the surface to the centre, 
would be attended with a greater protuberance at the equator than in the 
cases of homogeneity. 

As it is not an object to enter into a minute investigation of this 
abstruse question at present, this part of the subject may be dismissed 
with the name of M. Clairaut, who first fully considered the question of 
the figure which a planet must assume with a density gradually increasing 
from the surface towards the centre. 

The theory of Sir Isaac Newton was not well received at first—-it 
impugned the doctrine of the vortices of Descartes, which was then in 
high favor in France. M. Picard had measured an arc of the meridian in 
France between Amiens and Malvoisine about 1°J of the quadrant; 
MM. Cassine, De la Hire, and others, resumed this, and continued it 
through the whole extent of France in several sections, which were finish¬ 
ed in 1718, and it was found that the lengths of the degrees diminished as 
the latitudes encreased, which rather tended to give an elongated than an 
oblate form to the globe. This was afterwards found to result from errors 
of computation, but since the comparison of contiguous degrees is not the 
best way to determine with great accuracy so very small a quantity, as 
the compression would be, the Government of Louis XV. resolved on 
fitting out two expeditions, one of which should measure an arc as near 
the eauator and the other as near the pole as possible. 

It was in 1735 that MM. Bouguer, De la Condamine, Godin, and 
several assistants and artists on the part of the French Government, ac¬ 
companied by Dons Juan andULLOA, on the part of that of Spain, went to 
Quito, in Spanish America, and at the same time the northern expedition 
under MM. Maopertuis, Clairaut, Mounier. Camus. Celsius, and 
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others went to Tomeo in Lapland—permission haring beep obtained from 
the Swedish Government for that purpose. 

Both these expeditions were fitted out with the best instruments 
then to be obtained, at the expence of the French Government. The 
operations under the equator occupied upwards of ten years, and those of 
the polar circle about two. 

One cannot too much admire the determination and constancy with 
which the French Government seems to have been actuated on that occa¬ 
sion. The onus probandi did not lie with them more than with us, per¬ 
haps not so much so—nature and fortune had bestowed upon England the 
greatest philosopher mankind ever saw, and our ancestors must bear the 
reproach of having neglected as unworthy of them that pre-eminence in 
science, which had it fallen to the lot of any other nation in Europe, would 
have been looked on as a high source of pride. It is very true Sir Isaac 
Newton was recompensed, whilst living, by a lucrative post at the Mint, 
and it is equally true that monuments have been erected to him in West¬ 
minster Abbey, and elsewhere ; but the best monument which a grateful 
country could have bestowed on this most eminent and distinguished of 
her sons, would have been to establish the truth of the doctrines he had 
promulgated by actual experiment, instead of leaving them entirely to the 
mercy of strangers. 

Not to dwell too much upon these preliminary matters, it will now be 
advisable to explain what the figure of the earth has to do with the subject 
on which we started, for it is desirable to show that this is not merely a 
speculative point for the philosopher to amuse himself with in his closet, 
but one of actual practical utility, according to the conception which 
I have of the meaning of that term. 
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If it be conceded that geography is useful—then there is no pure source 
from which we can draw our elements, but this Let us measure a 
distance on the earth's surface by the primitive mode of the drying of 
a wet leaf,* the more modern method of the duration of a smoking 
pipe,! by pacing, by chains, by rods, by perambulators; we must (do what 
we will) for geographical purposes reduce the distances so found to degrees, 
minutes, and seconds, of latitude and longitude. Bat unless we know how 
many miles, or feet, or pipes, go to the degree, the mode of comparison is 
wanting to complete the reduction. 

If the earth were quite spherical, all degrees of latitude would be 
aoual, and all degrees of longitude would vary as the cosines of the latitude, 
but that is not the case if it be compressed at the poles, for the length of de¬ 
grees of latitude would then increase as we recede from the equator, and the 
length of degrees of longitude would cease to vary in the above proportion. 

There is a class of people who will reply to this that we have only to 
look into any elementary book on arithmetic, and there we shall find that 
sixty-nine and a half British miles make a degree the same gentlemen, 
amongst whom Mr. Cobhktt has occasionally figured, whilst the humour 
was on him, together w ith many others as far surpassing him in rank as 
he does them in intellect, will be ready to declare that pounds, shillings, 
and pence are the only useful knowledge, and that tare and tret, and 
bills of parcels, are the fittest boundaries to limit the mathematical educa¬ 
tion of Englishmen. We all must recollect M. Voltaire s story of Jean- 
hot and Colin. How the young Jeannot suddenly became raised to the 
peerage from being apeasant, and how the father and mother of Jeannot 


* A practice common with the Htndoot. 

f The Dutch boon at the Cape of Good Hope commonly estimate by tlui method. I urn told 
the native! of the hill< near Attain do the lime. 
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discussed with his governor what he was to be taught, but that author 
must be left to speak for himself, for it is impossible to improve upon his 
delicate irony by any description. 

“ Mais qu’ apprendra-t-il done? Car encore faut-il qu’il sache 
quelque chose; ne pourroit-on pas lui montrer un peu de geographic? 
A quoi cela lui servira-t-il ? repondit le gouverueur—quand Monsieur lo 
Marquis ira dans ses terres, les postilions ne sauront ils pas les chemins ? 
ils ne 1' egareront certainement pas.” 

We are all acquainted with what is called the precession of the equi¬ 
noxes. The mean annual precession is the joint effect of the Sun and 
Moon, acting on the protuberant portion of matter about the equator, and 
is determined by finding how much any particular star has retrograded 
in right ascension, by a comparison of observations made by the older 
astronomers with those made in recent days. 

But Bradley neverwould have been able to separate the inequalities 
which he detected only in heaps and parcels into the atoms of aberration. 
Solar and Lunar nutation, and inequality of precession, unless he had 
had an approximate value for the excess of matter at the equator, and 
it cannot be doubted for a moment that the nearer we approach to the 
real value of this astronomical datum, the more truly we shall be able 
to assign the amount of the effects which are produced by it. 

Not to tarry too long at this part of the subject it will suffice to notice, 
that on account of the ellipticity of the earth’s meridians, the direction 
of gravity is not towards the centre, and that in the determination of 
Lunar parallaxes it is necessary to compute the angle, which the normal 
makes with the diameter drawn to any point on the surface, but tbis 
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angle being a function of the compression, a knowledge of the figure of 
the earth becomes here also an indispensable condition. 

Enough has perhaps already been said to warrant the conclusion 
that this is one of the most important problems of astronomy in respect 
to practical utility, and he who would deny the expediency of prosecut¬ 
ing the researches necessary to its investigation, must be prepared to 
pronounce the same sentence of exclusion against astronomy as con¬ 
nected with navigation, against geography, against every other branch 
of science, or else to waive all claim to consistency. But the figure of 
the earth can only be known by a comparison of measures made in 
parts of the globe separated from each other by a considerable difference 
of latitude, such as two large arcs of the meridian or of longitude. 

Heuce then we arrive at the absolute necessity, as far as science is 
concerned, of establishing the exact relative value of the units which have 
been used as standards by the various nations who have engaged in what 
are called Geodetical operations, and first it is of all things requisite that 
we should begin by having some decided measure of our own. 

For this purpose the Parliament of England selected the yard used by 
Mr. Bibd as the standard, and Captain Kates had the task assigned to 
him of comparing all the other measures, such as Sir Geo.Shuckbukgh’s 
General Roy's, &c. with this ; a detail of the experiments made for this 
purpose will be found in the Philosophical Transactions for 1821, as also 
the comparison of the English and French standard measures with each 
other. 

The Freaoh at the time of the Revolution of 1791, when the rage for 
fraternizing and levelling was at its height, sought for some means of 

c 3 
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establishing an universal system of weights and measures which should 
be common to all nations; but it would obviously be necessary to that end, 
that some unit, which nature afforded as a constant mark of reference, 
should be fixed upon as the basis of the system; now nature gives us 
many lovely flowers and beauteous plants, and a thousand and a thousand 
diversified shapes, but we can only cull from all her productions two units 
which are at all accessible and unchanging. These are the lengths of the 
pendulum in a given latitude, and of the meridional quadrant. The latter 
of these accordingly was selected, and great pains were taken by the 
French to deduce the exact distance from the Pole to the Equator by means 
of the comparison of an Arc extending from Formentera to Dunkirk, with 
the former measure of 1715, which 1 have above adverted to as having 
been undertaken under the government of Louis XV. 

The ten millionth part of the meridional quadrant thus found, was 
taken as the future national standard unit of France, and called the 
Metre. 

The old French measure was the toise of fi Paris feet, and the two 
iron bars of this denomination which went, one to the Polar circle, and the 
other to the Equator in 1735, had been rigorously compared with each 
other at the temperature of 13° of Reaumur; one of these, called the 
toise de l'Academie or toise de Perou, was still in good preservation, 
but that which went to the North had been rusted in consequence of having 
been shipwrecked in the gulph of Bothnia. 

13° of Reaumur is equivalent to 16£ of the scale of Celsius, or the 
centigrade, and to 01°J of Fahrenheit. The English standard temperature 
is 02° of Fahrenheit. The temperature of the metre, or module, is zero of 
the centigrade of Reaumur, and 32 of Fahrenheit. 
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We have still therefore much to abolish before we can arrive at any 
uniformity of measures, but in the present case it is an object to avoid 
confounding the subject of measurements made with a view to determine 
the figure of the earth, with those whose object is the establishing the 
length of the metre. The latter seems to be now generally allowed to be 
a fanciful attempt, for what can it matter, whether we get our standard 
unit from nature or from art? Whether we first fix our foot or yard, and 
deduce the quadrant of the meridian in terms of it; or derive the length 
of our standard from the length of the second's pendulum, or from an 
aliquot part of the computed quadrant ? 

But to the determination of the figure of the earth, the relative values 
of the different national units which were employed, must be accurately 
known; moreover, as all operations undertaken for the purpose must 
depend on some base, which has been measured under different states of 
the thermometer, and perhaps under great alternations of heat and cold, 
it follows of course that the exact mean temperature must be known and 
corrected, unless some method can be devised of introducing into our 
apparatus the principle of its own compensation. 

It is not an easy task, however, to ascertain the exact temperature of 
a rod of metal; thermometers may be placed neaT it, but they will only 
give the temperature of the stirrounding air, which may differ very sen¬ 
sibly from the metallic bar. 

The mode of measurement with a steel chain has hitherto prevailed 
in England and in India, but it is very objectionable principally on the 
following accounts. 

1st. The impossibility of knowing its exact temperature and the 
consequent allowance to be made for expansion. 
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through the whole breadth, and leaving 0-3 of an inch of the depth above 
and below; the parts which remain being perforated so as to admit a 
conical pivot to work in the two concentrically. 

Now, if the two bars be placed parallel to each other and clamped 
together as abovementioned, and if a flat tongue of iron 0*23 of an inch 
thick, 1'1 broad, and 6-2 long, with two pairs of pivotR, each pair forming 
an axis projecting perpendicularly to its plane, be applied horizontally to 
the apertures abovementioned, the distances between the centres of the 
two axes being 1‘8 inch, it is plain that if one bar increase in length more 
than the other, one extremity of the tongue may, by means of these axes, 
revolve through a small arc round some point near the other extremity ; 
and moreover, if there be such another tongue and apparatus at each end 
of the compound bar, both tongues will have a similar tendency, so that 
if the cause be the same of this increase in length, the one tongue will 
revolve through an arc just as great as the other. 

In Colonel Colby's system, one of the two bars is of brass, the other 
of iron. The tongue has one axis at 0-5 of an inch from one extremity, 
working into the aperture of the brass bar, and the other at 2-3 nearly 
working into that of the iron bar, whilst the rest of the tongue projects 
outwards. 

The expansions of brass and iron are variously stated by different 
authors, but they are not far from the ratio of three to two.* Let us 
suppose them to be exactly so, then since 18 inch is the distance between 
the two axes, if double that distance, or 3 6 inch were set off from the 


* Expansion of brass bar, 
Ditto of iron bar, 
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Heurtor for 1°. of Fahrenheit. 
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centre of the axis, which works in the iron bar on the line produced 
through both axes, we ought to arrive at a point which would in no wise 
be affected by the forces arising from the jutting outward or shrinking 
inwards of the ends of brass and iron bars in consequence of increase of 
temperature. 

Upon the principles of similar triangles, this point would iorm the 
vertex of a set of triangles whose bases are the relative increments of 
the brass and iron bars from heat, and as there would also be some 
nodal point on a tongue similarly situated at the other extremity of the 
compound bar, therefore the distance between these two nodal points 
would be constant, and in no wise liable to be affected by changes of 
temperature, provided such increase or diminution of temperature were 
suffered by each metallic bar at the same time and in equal intensity. 

The difficulty then is to mark these neutral points and it is accom¬ 
plished as follows. Two miscroscopes, with moveable wires, are fixed on 
solid stone pillars let into a wall of masonry, and when this has had time 
to dry and become perfectly consolidated, the moveable wires are adjusted 
over the two dots of an iron, or other standard of ten feet in length, at the 
temperature of &i° of Fahrenheit. 

The bars are then heated in an oven as equably as possible up to the 
temperature of 180° or upwards, in that state they are taken out and 
placed under the mural microscopes, and a point on one tongue having been 
assumed, the corresponding point on the opposite tongue is sought for, which 
maintains an invariable distance from it during the process of cooling 

This operation in slow and tedious like all works of approximation, 
but it is particularly so because it appears from experiment that the brass 
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and iron bars do not cool equably, if their natural surfaces be exposed to 
the air. Hence it has been necessary to apply coatings of varnish so as 
to give surfaces which shall make them radiate alike, and as this varnish 
must be only applied partially, the quantity, which is just sufficient for 
the purpose, and no more, must be patiently ascertained by a series of 
repeated trials. 

Strictly speaking, the distances from the neutral points on the tongue 
to the centres of the two points ought in every position to bear the same 
proportion to each other as the increments of the brass and iron bars do, 
but a very little consideration will suffice to shew that the increments of 
the tongue itself will not be sufficient to answer that condition; the error 
must however be one of the second order, and has hitherto been considered 
as rejectaneous, which it most probably is. 

The compound bar thus formed, is placed upon two brass rollers 
which revolve each upon an axis fixed into a deal-box, whose length 
is sufficient to close the whole metallic apparatus, except the tongue 
which protrudes at one side, and is protected by a cylindrical cover 
of brass tube, part of which turns round and brings a circular aper¬ 
ture over the dot marking the neutral point. The box is of deal 
and painted white on the outside, it is lined with white cloth, and 
there is an inner box covered on both surfaces with white serge, so 
that a stratum of air may pass between the outer box and its interior 
lining. 

At each end of this deal box there is a common brass sight which 
serves to lay the bar approximately; there is also a brass plate with 
screw holes, by means of which are fixed to the box the arms intended to 
support the microscopes. 
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There are seven sets of microscopes,, each consisting of two common 
microscopes, and one telescopic microscope. The use of these is as 
follows. The two common microscopes are compensated by means 
of parallel bars of brass and iron in the same manner with the mea¬ 
suring apparatus, and the condition of compensation requires that, 
when each microscope is in focal distance in respect to the dot of 
the bar to which it is attached, the horizontal distance between the 
lines of collimation of the two microscopes shall always be the same 
quantity, which ought to be six inches of Parliamentary measure at the 
temperature of (i2 D 

There are six of these compound bars which are aligned in succession 
by means of an instrument called a boning instrument, placed at a certain 
number of paces in the rear. 

The first operation is lo drive a set of pickets into the ground to 
support the tressels, two of which are required for each bar; this must l>e 
accomplished by measurement with a common chain 01 ;>e, the line of 

the pickets being traced with respect to the middle of the bars, and not 
that of the dots or microscopes. 

The pickets being driven, one of th r bars having a set of microscopes 
at each end, is brought into the alignment, by placing the Hlescopic 
microscope over the limit of the line to be measured. 

Over the eye tube of this telescopic microscope a small brass 
upright called a director, is then raised, and the boning instrument, 
by means of this and the other limit, being now properly placed in 
alignments, the other end of the first bar is also placed tight by means 
of its directot 
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The second bar is now brought up to the first by placing the rear dot 
under the advanced microscope attached to the first bar, and raising or 
lowering it to focal distance. In the same manner the 3rd, 4th, 5th and 
6th, when the series is terminated by fixing one of the triangular registers. 
After the length of the whole six bars has thus been taken off, the leading 
register is left standing and another set of bars is placed and measured 
off in the same manner. 

For the better preservation of an equable temperature, the whole of the 
measurement with these bars is carried on under shelter; a certain number 
of tents of a suitable form being constructed on purpose, and especial care 
is taken to preserve the apparatus from the direct action of the sun's rays. 

The adjustments of the sets of microscopes consist in placing the 
side telescope parallel to the plane which passes through the lines of 
collimation of the two microscopes, this is done as follows; direct by 
means of its sights, the six inch brass ruler to a mark on a piece of paper 
fixed at thirty or forty feet distance on a wall, and place over it the two 
microscopes with each of the dots under a wire, then direct the side teles¬ 
cope to the same paper,.and mark the point it cuts. Now turn the set of 
microscopes half round in azimuth, so that the positions may be over the 
contrary dots to what they were before, and having turned the side teles¬ 
cope half over in altitude, mark the point on the wall which its wire cuts 
in this new position. If then the distance between each of these points, 
and the middle point be exactly equal, the line, of collimation is quite 
parallel to the line running through the microscopes, o'lurwise it must be 
adjusted half by means of the screws, which affect the axis, and half by 
those which affect the line of collimation 

The measurement of every individual set of bars is taken horizontally, 
but it does not follow that the surface over which it is conducted need be 
horizontal; for each tressel stands upon three pickets driven into the 
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ground,'and 1st, the heads of these pickets may be left more or leas above 
the surface. 2nd. Upon the pickets a large triangular frame of three 
inches thick deal is placed, which in cases of emergency may be dispensed 
witlr or doubled. 3rd. The tressels may be of different heights, and do 
actually vary from thirty to six inches ; again, each bar is supported upon 
a brass fabric called A camel which rests upon the tressel, and is furnished 
with three levelling screws, and one in the middle for elevating, therefore; 

4th. The additional height given by 
the screws is three inches. These 
fpur means of adjustment may all be 
brought into play in descending or 
ascending a slope; let us suppose the 
former case: then we should begin 
with the lowest tressel, with the pickets as near the surface of the ground 
as possible, perhaps without any triangle over the heads of the pickets, 
and with the elevating and levelling screws of the camel quite drawn down 
whilst at the advanced end of the 6th bar, we should leave one inch or 
more of the pickets exposed, the highest tressel, supported on perhaps 
two triangles, would be used, and the elevating and levelling screws would 
he drawn out to their full extent. 

The extreme difference of height which might thus be produced, 
would be about thirty inches in a set (or sixty-three feet,) but in this as 
in all other cases of human life, it is desirable to avoid having recurrence 
to extremes, and the medio tutissimus is the best guide 

I have said that each end of the frame of the bar rests on a brass 
support called a camel. These have rollers at top so that the motion 
of the who<e longitudinally is easily effected with the hand, but that one 
of each pair of camels which supports the rear end of the bar, has a brass 
plate appended to it with a steel screw, whereby after the dot has, as nearly 
as can be, been brought into its proper position under the microscope, any 
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small alteration may be given to it longitudinally. This will be seen by 
a reference to the apparatus where the plate being fixed to the box by 
two brass screws, the long steel screws I have above mentioned, act in the 
same manner as a tangent screw on the limb of an instrument, and draw 
the whole bodily forward or thrust it backwards in a direction parallel to 
itself. There is also to each camel a large milled headed brass screw, 
which gives a differential motion laterally to each end of the bar. 

The registers which mark the limits of each set of bars in succession 
consist of a frame of cast iron, of a pyramidal shape, surmounted by a 
brass plate with a circular aperture of two inches in diameter. Through 
this aperture a tube is adapted to slide up and down, at the top of which 
is a circular head hollow, and perforated in the middle, so that an internal 
plate on which four screws act at right angles to each other may be moved 
differentially in a lateral or longitudinal direction; this moveable plate 
carries a very fine dot engraved on silver: some of these registers have the 
tube made to slide below the frame altogether, in which case the ground 
must be excavated from beneath it. Some are a mere triangular slab of 
cast iron with a moveable brass register in the middle, they are used at 
leaving off at night, and in cases where they are likely to be left standing 
for any time, being less liable to derangement than the more lofty ones. 
Each register rests upon a slab of stone sunk into the ground for the 
purpose. 

The meaning of the sliding tubes is that the small dot on the move- 
able plate may be kept as nearly at the same distance from the telescopic 
micrometer as practicable, but in cases of ground which slopes greatly and 
always where this is not attainable, a provision is made for altering the 
focal length of this microscope by changing the object glass. A small 
box which accompanies contains twelve sets of object glasses for this 
particular purpose, varying from four to twelve inches, and there are four 
others which are adapted to a difference of height so great as twenty feet. 
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having been lent for the occasion by the Chairman, and it is of importance 
to remark, that two of the Gentlemen of the Royal Engineers who had 
taken a prominent part in the measurement at Loch Foyle, Lieutenants 
Drummond and Murphy, were with me for two days, in order that no 
important step of the operation might be overlooked. 

Having measured the nine sets of bars in question, 1 returned over 
the same ground, and on reaching the register from which 1 had originally 
started, the return measurement exceeded the prior one by -,’jth of an 
inch. Now J (l th of an inch in five hundred and sixty-seven feet, would 
amount to 5 6 inches in eight miles, and to one hundred and forty-five 
inches in a section of the meridian of about three degrees. 

The increments of degrees between the latitudes of 8“ and 31° vary 
from 5-2 to KHi fathoms; if therefore we could be certain that this were 
the greatest quantity to be feared, there could be no doubt, philosophically 
considered, that the compensation bars would be quite adequate to the 
purpose for which they were designed, and that the superior accuracy 
attainable from them, would be commensurate with the greater toil entailed 
by their use, and the increased expence and complexity of their structure. 

It i 3 my opinion that the variation of tti of an inch is rather more 
than need be apprehended, because the formation of Lords Cricket 
Ground is a thick clay, which retains the moisture at the surface, and as 
for several days of the operation rain descended in great quantities, there 
was an alternation of dryness and humidity much more unfavourable than 
need be looked for in actual measurement on a great scale. 

In fact the constant trampling of the feet of the soldiers and others 
who were occupied in the work, rendered such parts as were hollow perfect 
swamps, and ancle deep in mud and water, whilst the more elevated parts 
were hard and dry. 
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This is a matter of opinion in which every person mast judge for him* 
self; bat if we refer. to the bases measured by Maire and Boscovich in 
Italy, by Delambrf, and Mechain in France, by Bouguer and Da la 
Condamine in Peru,* by Roy andMoDOE in England, by my predecessor 
and myself in India, we shall find no very insecure test of comparison to 
direct our judgment in forming an estimate of the superior accuracy likely 
to be attained by the new apparatus. I select these instances because I 
am not aware of any other operations in which two bases, verificatory of 
each other, have been measured. To take these then in order of their dates. 

The first base was measured in the plain of Yarouqui from Carabouron 
to Oyambaro. It was performed with wooden rods called perches, pre¬ 
pared on the spot from a comparison with the iron toise. It was com¬ 
menced on the 3d October, and ended on the 3d November, 1736. The 
ground was gone over by two parties independent of each other, and the 
mean of the two results was 6272.6559 toises = 7.60 miles in a horizontal 
direction. The base of Tarqui, which is iu 3° 4' South cf the Equator, 
was measured in the same manner in the month of August, 1739 : it was 
carried on through swampy ground, and the wooden rods floated on the 
stagnant water, (“nous fumes dispenses dans ce trajet de faire usage du 
niveau, les perches avec les quelles nous operions flottaient sur l’eau.”) 

This base, reduced to the level of Carabouron, was 5258,949 toises, equal 
to 6-37 miles, and the same distance computed from the series of triangles 
was found to be 5260.03 toises,t shewing a variation of 1-081 toise 


* The Cmupumtadan of 64 gone, and the Inctndio of 60 guna, wiled from Cadiz Bay, May 
26th, 1735. Bouguer, Godin, and De la Condamine, aailed from ia Rochelle, in a Royal veaael 
16th May 17SS. 

S4th November embarked at Portabello, in company with the Spaniab gentlemen; on the 
10th June 1736, all the party aaaembled at-Quito. 

Dana un dea intervallea de ce travail noua ohaerramea, le 19th Septembra au aoir, I’Edipaa do 
la Lune. Tandii qu’on prepar it leaaperchea que devaiant noua aervir 1 miaurer la baae. 

t 5260 toilet = 8 milea 3 furlonga. 
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between actual measurement and computation; but a length of 1-081 in 
5260.03 amounts to 13 inches in a mile, or 104 inches in 8 miles, and 
nearly 38 fathoms in a section of 3 degrees. In the month of April, 1751, 
MM. Maire and Boscovich, under the auspices and at the charge of 
Pope Benedict XIV, commenced the measurement of a base line from 
the tomb of Cecilia Metella to within 3 miles of Alba. The operation 
was executed with wooden rods set off" from the Roman palm, and was 
found to be 7901.14 passi Romani, equal to 7.312 English miles : the base 
of verification for this was measured at Rimini, and found to be 8034.07 
passi, equal to 7.436 miles, whereas the latter deduced from the former in 
the table of triangles (Liv. II. Art. 20,) is only 8033 4, differing 1.27 
passo, or 10 inches in a mile. 

The length of the base of Perpignan is 6006.25 toises, it was com¬ 
menced by Mechain and finished by Delambrf., in the month of Germinal, 
year 6 of the Republic, with the platina bars. It was connected with that 
of Melon, which was executed by Delambre, and is 0075,9 toises, the 
former deduced from the latter is 6006-0.0, exhibiting a difference of OlOof 
a toise, which is about 0.17 of an inch in a mile. The latter was completed 
in thirty-eight days: the cxpressionsof the author are—“ en travaillant de- 
puis neuf heures du matin jusqu'au coucher du soleil nous n’ avons jamais 
pus parvenir h mesurer plus de 360 metres* en un jour, c'est i\ dire, A placer 
plus de quatre vingt dix regies au bout l’une de l'autre.” The base of 
Perpignan occupied in all 48 days, and was terminated on the 1st supple¬ 
mental day of the year 6. The author says in regard to this—“onvoit 
done qne dans les circonstances les plus favorables ou ne peut gutire se 
flatter avec tous les soins et le scrupule que nous y apportions de mesurer 
une base de j-12000 metres en moins de cinquante jours.” 


• 1181-12S7 English feet. 

f 39370.79 feet, or 7J miles newly, which it at the rate of 797 or 800 feet per day. 
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direction. The base of Tarqui, which is iu 3° 4' South cf the Equator, 
was measured in the same manner in the month of August, 1739 : it was 
carried on through swampy ground, and the wooden rods floated on the 
stagnant water, (“nous fumes dispenses dans ce trajet de faire usage du 
niveau, les perches avec les quelles nous operions flottaient sur l’eau.”) 

This base, reduced to the level of Carabouron, was 5258,949 toises, equal 
to 6-37 miles, and the same distance computed from the series of triangles 
was found to be 5260.03 toises,t shewing a variation of 1-081 toise 


* The Cmupumtadan of 64 gone, and the Inctndio of 60 guna, wiled from Cadiz Bay, May 
26th, 1735. Bouguer, Godin, and De la Condamine, aailed from ia Rochelle, in a Royal veaael 
16th May 17SS. 

S4th November embarked at Portabello, in company with the Spaniab gentlemen; on the 
10th June 1736, all the party aaaembled at-Quito. 

Dana un dea intervallea de ce travail noua ohaerramea, le 19th Septembra au aoir, I’Edipaa do 
la Lune. Tandii qu’on prepar it leaaperchea que devaiant noua aervir 1 miaurer la baae. 

t 5260 toilet = 8 milea 3 furlonga. 
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The base of Romney Marsh was measured with the steel chain, sup¬ 
ported on coffers, it was begun on the 15th October, 1787, and dnded 4th 
December, and was 28535.677 feet, and here we find introduced two of 
those cases of perplexity which I have alluded to before: viz. 


Correction for contraction of the chain,. Sub. 1.0607 feet. 

Correction for wear of the chain,. .Add. 0.2735 


I do not mean to say these are incorrect—all I mean is, that they are 
hypothetical, and as such are not as satisfactory to the common sense 
and good understanding of mankind as a measurement which is depend¬ 
ent on fact alone. 

This base when deduced from that on Hounslow Heath by the triangu- 
lation, was 28533.3 feet, so that there is a difierence between computation 
and actual measurement of 2.277 feet, which is at the rate of 5.06 inches 
in a mile. 

In the Summer of 1791, the base on Hounslow Heath was re-measured 
with the steel chain in coffers, supported on pickets. The operation occu¬ 
pied 43 days, and was found after all reductions, to be 27404.3155 feet, or 
about .3018 of a foot greater than the former one—this is about .607 of an 
inch per mile, and the daily progress was 638 feet. 

It is not necessary to go into a detail of all that has been executed with 
the steel chain in Great Britain, but it is some criterion for us to form a 
judgment respecting that apparatus, when a gentleman of Colonel Couiv’s 
reputation and talent, who has been so active a participator in all connected 
with its application, comes forward as an active reformer, and by introduc¬ 
ing the apparatus of which you now see the fac-simile, virtually pronoun¬ 
ces his opinion as to the fallibility of that which he seeks to supercede. 
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As to the operations by my predecessor, they are all before yon in 
the memoirs of this Society, excepting the last two bases, of which a detailed 
account is found in m) printed book. 

The first of these i§ the Base of Talcal Khira, which was measured by 
Colonel Lambton on the ground, between the 6th January and 25th Janu¬ 
ary, 1822. It was 37912.56, &c. feet, and consequently the daily progress 
■was 1896 feet nearly. 

The base of Seronj was measured by me on coffers, and was 38411.9 
feet, it was completed in 20 days, i. e. between 24th November and 13th 
December, 1824, the daily rate of progress was therefore 1920 feet. 

The base of Seronj computed from the triangulation between it and 
Takal Khira is 38412.16 feet, giving a difference of 0.26 feet in the whole 
length, or .4288 of an inch in a mile. 

The Beder base, as will be seen on reference to the Transactions of this 
Society, was found from measurement to be 30806.176 feet, but the same 
base deduced from the series of triangles connecting it with Takal Khcra, 
is only 30799.61, giving a difference of 6.57 feet nearly, or 13.516 inches 
per mile. 

Thus then, it would seem, that the chain though generally correct, 
is not of that trust-worthy nature that can induce an entire confidence in 
the results it produces. A happy combination of errors may perhaps, 
and generally will make them annihilate each other, but there is an uncer¬ 
tainty attached to the reliance on such a contingency, which is any thing 
but satisfactory in cases where the exact sciences are concerned. 
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EXPERIMENTS 

ON THE 

STRENGTH AND ELASTICITY 

OF 

INDIAN WOODS. 


By CAPTAIN H. C. BAKER. 

Bengal Artillery, 

AGENT FOR IRON SUBPENSION BRIDGES, fcc. 


The experiments detailed in the following Table were made on differ¬ 
ent occasions, to determine the strength of various specimens of Wood 
supplied to me by the Honorable Company’s Timber Agents, and by 
private individuals, who were interested in the subject, and who had 
opportunities of obtaining foreigu Woods in their visits to the Tennasse- 
rim Coast, Arracan—the Morung forests, Orissa, &c. A short account of 
some of my original experiments, was published in the Gleanings in Science, 
vol. I, pages 123 and 231 ; but as many of the Woods then submitted to 
trial, were hardly in a seasoned state, I have included in the present Table 
only the later experiments upon them when they were perfectly seasoned, 
and when therefore more dependence could be placed on the results. 



■IB EXPERIMENTS ON THE STRENGTH 

I regret that the Notes famished with the Specimens were, inmost 
doses, insufficient to enable me to describe at large the qualities of the 
several kinds of Timber, or the purposes to which they are applied In 
the countries where they flourish: the native names too, are, in many 
instances, of doubtful orthography, resting upon the vague pronunciation of 
the people of the spot, and taken flown by mere sound of ear. In most 
instances, however, with the kind assistance of the Revd. Dr. Carey, and 
Mr. Potter, for the Woods of Bengal and the East, and of Drs. Royle 
and Falconer, for those of Upper India, I have been able to assign the 
Botanical names of the trees. 

The numbers in the first column refer to the Specimens lodged with 
the Society. The results given are the means of about four experiments 
on each kind of wood. The term C, or direct cohesive strength in lbs. 
avoirdupois in the square incb, in the last column, is experimentally 
found by tearing asunder about an equal number of specimens, turned 
according to the method described in Barlow’s Treatise on the “ Strength 
and Stress of Materials.’’ 

The Specimens, except when otherwise stated, were six feet long, 
two inches square : the distance of the supports five and a half feet. 


Calcutta, i 
November 1, 1832. j 























Mean results of a course of Experiments 
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EXPERIMENTS ON THE STRENGTH, &c. 
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XIV. 


DESCRIPTION 

OF THE 

WILD DOG OF THE HIMALAYA. 


By B. H. HODGSON, Esq. 

KATHMANDU. 


Canis Primasvcs. (Mihi.) 

The Budnsu of the Nipalese. Habitat, The whole of the Sub-Himi'ilayan 
ranges from the Satlej on the West to the Brahmaputr on the East. 
SPECIFIC CHARACTER. 

Wild Dog, with six molars only in the lower jaw, double coat, hairy - soled j'ect, 
large erect ears, and very bushy straight tail, of medial length, deep rusty 
colour above, yellowish below. 

The Dog, man’s first and best ally among the brutes, cleaving to us from 
the beginning, accompanying us in all our settlements in every climate of 
the habitable globe, and submitting his fine plastic form and faculties to 
be moulded at will by our wants and our caprices, has been so thorough¬ 
ly changed by influences very similar to those which have operated upon 
ourselves, that his original, like our’s, has been supposed to have now 
become inscrutable. 
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The Greyhound and the Bull Dog, like the Georgian and the Negro, 
arc, it is supposed, in their respective kinds, specifically the same ; and 
the test of this specific identity is that the progeny is prolific. But the 
application of this test to the Canine race having been found to identify 
the Wolf, the Jackal, and the Fox, with the Dog, the Zoologists of the 
last age, who unhesitatingly admitted the test, and who had no knowledge 
of a Wild Dog, properly so called, assumed, of necessity, some of them, 
the Woli, others, the Jackal, and others again, the Fox, as the primaeval 
type of the Canine race. The superior Zoological Science of the present 
age has perchance suggested some little doubts as to the soundness of the 
test of species above named; and, certainly, if we pursue this hypothesis 
into all its known consequences, we shall see room for hesitation. Al¬ 
though, therefore, anatomical investigation has failed to discover any 
material difference of organization or habit between the Wolf, Jackal, Fox 
and Dog, and although these several races will breed together, yet the 
present masters of the subject of Canine genealogy (M. F. Cuvier and M. 
Desha rest) notwithstanding their continued want of an unquestionable 
Wild Dog, have refused to supply the deficiency of an original type by 
adopting as such the Wolf, the Jackal, or the Fox. 

By M. F. Cuvier whose arrangement of the Caninje, has been 
ratified by all the first Zoologists in Europe,—the Dogs, are disposed 
according to their approximation to the primitive type so far as that type 
was discoverable in the wildest race known then to exist, and of which 
there were specimens accessible to him. The race in question is the 
Dingo of Australia. 

But, as the Dingo is, unquestionably, at least half reclaimed, I pre¬ 
sume that a careful account of an entirely wild species of Dog, will be 
very acceptable to all who take an interest in the subject And which of 
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us but must regard with interest the portrait of the primitive Dog, either 
from affection for that devoted friend and follower of human kind, or, from 
the light which the inquiry is calculated to throw upon the nature and 
limits of the distinction of species. 

The Bd&nsti, or Wild Dog of the Nipalesc, inhabits that part of 
these mountains which is equidistant from the snows and the plains, 
or in other words the middle region of Nepal. But he frequently 
wanders into the southern division, and, sometimes, into the northern. 
His limits, east and west, arc, as 1 know, the Kali and Tista ; and, 
as I am informed upon good authority, the Satlej and the Brahmaputr. 
Wild Dogs, probably not materially differing from those of Nepal, are 
found, likewise, in the Vindhya, the Ghdts, the Nilgiris, the Kasya 
Hills, and finally, in the chain extending brokenly, from Mirzapur, 
through south Behar and Orissa to the Coromandel Coast. 

Nor do Ceylon and the Eastern Islands want their Wild Dogs and it is 
not therefore without surprise that I find the first Zoologists in Europe, 
whilst expressly treating of the Dog, as he was prior to all cultivation, 
instancing the more than half domesticated races of Australia and of 
North America. But the fact is that the Wild Dog of the East (where 
alone he seems now to exist) is so extremely wild as to be really seen, 
more rarely killed, and still seldomer procured alive; and that Britons 
in India have too little leisure to record with the requisite accuracy of 
detail for scientific purposes their casual observations, whilst sporting, of 
new and remarkable animals. 1 have myself been acquainted with the 
existence and general character of the Wild Dog of Nepal, for a long 
time past, and some years ago 1 sent to M. Duvavci'.i., two very fine 
specimens alive; which, however, probably met the fate too often attending 
presents of this sort. 
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But having since obtained many individuals, alive, some of which 
lived in confinement many months and even produced young, having been 
enceinte when they reached me, I considered it my duty to keep memo¬ 
randums of such traits of character and manners as I was enabled to 
observe; and, as. I see no prospect of the task falling into abler hands, 
I shall now record the substance of those memorandums, embodying them 
in such a description of the essential characters, aspect and habits of this 
most rare animal, as my small conversancy with the science will permit 
me to give. 

To my description, I shall add drawings of the Budnsu and of his 
skull, together with (for the sake of comparison), others of the Jackal and 
Fox, and of their skulls. These drawings are upon an uniform scale, 
reduced with the Camera, from others f the natural size; and, in order to 
be more precise, I shall in my description of the Buansu follow the 
principle upon which the sketches have been executed; that is, I shall 
endeavour to illustrate my subject by constant reference to the Jackal, 
and occasional reference to the Fox—animals which are, or ought to be, 
sufficiently well known. 

Of all the wild animals that I know of similar size and habits, the 
Buansu, which is large, gregarious, and noisy in his huntings, is the most 
difficult to be met with. He tenants solely the deepest and most solitary 
forests of this woody and little peopled region. The woods which cover 
the mountains environing the valley of Nepal proper afford shelter to 
numbers of Jackals as of other wild animals; but the Biinsi never was 
known to enter them, or, to approach so near to a populous district. This 
prototype of the most familiar of all quadrupeds with man is, in the per¬ 
fectly wild state, the most shy of his society. I never beheld the B&itnsu. 
myself in the state of freedom, and therefore what I am about to say of 
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his manners in that state must rest upon the authority of others—highly 
respectable natives who spoke to what they personally knew. 

The Wild Dog preys by night and by day, but chiefly by day. Six, 
eight, or ten unite to hunt down their victim, maintaining the chase by 
their powers of smell rather than by the eye. They usually overcome 
their quarry by dint of force and perseverance, though they sometimes 
effect their object by mixing stratagem with direct violence. Their 
urine is peculiarly acrid: and they are said to sprinkle it over the 
low bushes amongst which their destined victim will probably move; 
and then, in secret, to watch the result. If the stratagem succeed they 
rush out upon the devoted animal, whilst half blinded by the urine, and 
destroyed it before it has recovered that clearness of vision which could 
best have enabled it to flee or defend itself. 

This trick the Budnsus usually playoff upon the animals whose speed 
or strength might otherwise fail them, such as the buffaloe, wild and tame, 
and certain large deer and antelopes. Other animals they fairly hunt 
down, or furiously assail and kill by mere violence. In hunting they bark 
like hounds; but their barking is in such a voice as no language can 
xpress. It is utterly unlike the fine voice of our cultivated breeds; and 
almost as unlike to the peculiar strains of the jackal and of the fox. The 
Budtuu does not burrow like the wolf and fox r but reposes and breeds 
in the recesses, and natural cavities of rocks, in the manner of the jackal 
of Nepal. These peculiarities of domicile are probably in a great degree 
the uousequenceso fthe respective habitats ofthe animals in open plains or 
mountain fastnesses: and they doubtless change them when constrained to 
change their location. There is scarcely a wild animal, however large or 
formidable which the Wild Dogs will not sometimes attack and destroy; 
and tame buffaloes and cows, when grazing in very solitary districts, 

k 3 



226 


DESCRIPTION OF THE 


sometimes fall a sacrifice to tbeir ravenous appetite. Human beings they are 
never known to attack; and indeed they seem to be actuated by a very 
peculiar degree of dread of man. Those which I kept in confinement when 
their den was approached rushed into the remotest corner of it, huddled one 
upon another with their heads concealedas much as possible. I never dared 
to lay hands on them, but if poked with a stick they would retreat from it 
ns long as they could, and then crush themselves into a corner, growling 
low, and sometimes, but rarely, seizing the stick and biting it with vehe¬ 
mence. After ten months’confinement, they were as wild and shy as the first 
hour I got them. Their eyes emitted a strong light in the dark ; and their 
bodies had the peculiar foetid odour of the Fox and Jackal in all its rank¬ 
ness. They were very silent, never uttering an audible sound save when 
fed, at which time they would snarl in a subdued tone at each other, but 
never fight: nor did they on any occasion show any signs of quarrelsome¬ 
ness or pugnacity,—I turned a female jackal amongst them, which they ad¬ 
mitted to share their den without the least sign of dissatisfaction. She lived 
amongst them many months, but never showed any symptoms of breeding; 
nor indeed did any of the Dogs amongst themselves, though there were 
males and females. Three of the latter, at different times, came to 
me enciente; and, in the early part of February, produced from two to 
four whelps ; in no instance more. The mothers licked them clean, and 
then utterly deserted them, but in no instance devoured them. One of the 
finest males 1 had broke loose, and, leaping a six-feet wall, attempted to 
make off; but being instantly apprised of the fact, I gave him chase with 
greyhounds and horse. 1 shall mention his peculiar action by and bye, 
and meanwhile shall only observe that, after a run of a mile, we suddenly 
came up with him and found him quite dead ! The violent exertion after 
long confinement, proved too much for him; he broke his heart. All 
my specimens refused dressed meat, and were fed with raw buffaloe beef. 
Besides the grown animals, 1 procured one young one, in March, about 
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a month old. I kept it in the kennel with the othei dogs, where it lived 
for four months, and then died of diarrhoea. This little creature, too 
refused every sort of food bat raw meat. As it grew up, it was suffered to 
go at large, and never attempted to run away. It was very frolicksome, 
and would play, for want of a mate, with its own tail—for, notwithstand¬ 
ing all its efforts to induce the other dogs to romp with it, one pup only 
out of several would have anything to say to it, and the grown dogs all 
avoided it. Its voice when extremely excited was a squeak. At all other 
times it was silent, and-it never made the least approach to a bark, properly 
so called. When angered, it showed its teeth and applied its tail close 
to the buttocks. in the manner of the domestic dog. When gratified by 
caresses, it threw itself on its back, pawed the caresser’s feet, and uttered 
its peculiar squeaking notes. It distinguished the dogs of its own kennel 
from others, as well as its keeper from strangers, and in its whole conduct 
manifested to the full as much intelligence as any of my Sporting Dogs 
of its age. But it was a shy shrinking creature, and rather unmanageable 
on that account, and it would not endure being tied up. When this young 
animal reached me, it had scarcely any taint of the villainous odour proper 
to its race—the consequence of youth merely—for as it grew up the odour 
increased more and more. The whelps, when born, have it not in the 
slightest degree,males and females,when adult, are equally infected with it. 

The Bu&nsu is, in size, midway between the wolf and the jackal, 
being two and a half feet long from the tip of the nose to the insertion 
of the tail; and twenty-one inches in average height. It is a slouching, 
uncompact, long, lank, animal, with all the marks of uncultivation 
about it—best assimilated in its general aspect to the jackal, but with a 
something inexpressibly, but genuinely, canine in .its physiognomy. It 
has a broad flat head, and sharp visage: large erect ears: a chest 
nor broad nor deep; a shallow compressed barrel somew hat straiued at the 
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loins; long, heavy limbs broad, spreading, feet; and a very bushy tail of 
moderate length, straight, and carried low. Its colour is deep rusty red 
above, yellowish below. It stands rather lower before than behind, with 
the neck in the line of the body, the head unelevated, and the nose pointed 
almost directly forwards ; the fore limbs, straightened • the hind, stooping; 
the back, inclined to arch, especially over the croup; and the tail pen¬ 
dulous. In action the tail is slightly raised, but never so high as the 
horizontal line. Though the Bu&nsu be not deficient in speed or power of 
leaping, yet his motions all seem to be heavy, owing to their measured 
uniformity. He runs in a lobbing long canter, is unapt at the double, 
and, upon the whole, is somewhat less agile and speedy than the jackal— 
very much so than the fox. In general aspect there can be no comparison 
instituted between the Bu&nsu and the fox: but one may illustrate him 
by such a comparison with the jackal. To a rather more full opened eye, 
better placed in the head, and provided with something like a brow, the 
Bu&nsu chiefly owes his less sinister and more dog-like expression of 
countenance—the effect being aided by a rather better forehead, and less 
elongated and sharpened face. The Wild Dog’s ears are twice aslarge as 
the jackal’s; his limbs considerably longer ; and his feet larger and more 
spread out, not to mention the great tufts of floccy hair with which their 
soles are provided, and of which we find hardly a trace in the jackal’s feet. 

The fur or external covering of the Bu&nsu consists of wavy wool, and 
straight harsh hair—in Summer in nearly equal proportions—in Winter, 
two parts of wool to one of hair. The hair is, on the neck, 3 inches 
long ; on the Dack, 2£ to 2$ inches; and on the tail to 5 inches. 
On the face, ears, forehead, upper surface of the head, and legs, the hair 
is very short, closely applied to the skin and unmixed with wool. On the 
body in general it is longish, smoothly directed backwards, and rather 
loosely applied to the skin, by reason of the wool insinuating itself 
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between the interstices of the hair and ascending with it for two-thirds of 
its length. But on the neck and cheeks you have none of the more or less 
composed set of the hair elsewhere, those parts being shaggily dressed in 
hair, the set of which is irregular, but mostly outwards or porrect from 
the skin. The cheeks have in consequence the appearance of being 
whiskered; and the apparent volume of the head is thus greatly increased. 
The hams posteriorly are somewhat feathered; the belly and legs scarcely 
so. The hair generally has a four-fold annulation of colour, from the base 
thus; whitish, black, deep rusty, black—th* first ring being very small— 
the second and third large and equal—the fourth, small. The visible effect 
of this distribution and proportion of the colours, aided by the reddish blue 
of the wool, is, that the animal appears to be of a full ferruginous red; the 
two basal rings being invisible and the terminal one scarcely noticeable 
from its Bmaiiness—not to mention that it exists only on the dorsal surface, 
and not on the sides; nor, of course, below, where the colour of the animal 
is yellowish and no rings are found. The tail towards its base is ringed 
with pale rusty and blackish—towards its tip the hairs are almost or 
wholly blackish. 

The jackal, which is furred in a very similar manner to the BMnsii, 
has his hair likewise ringed in the same way. But owing to the largeness 
of the terminal black ring, and to the very pale tinge of the penultimate 
red one, the general effect is very different. The jackal in consequence 
appears to be pepper and salt coloured with a tawny tinge; whilst, as 
already observed, the Buansu shows deep rusty red. Let us now recapitu¬ 
late the colours of the animal in the ordinary mode of description. Whole 
superior surface, with outsides of ears and of limbs as far as the wrists and 
hocks, deep rusty red, sprinkled with black on the back: whole inferior 
surface, with insides of the ears and limbs, and also the lips and jaws and 
feet, yellowish: chin darkened and reddish : bridge of the nose brownish: 
terminal half and more of the tail, blackish. Bristles of the lips, cheeks and 
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loins; long, heavy limbs broad, spreading, feet; and a very bushy tail of 
moderate length, straight, and carried low. Its colour is deep rusty red 
above, yellowish below. It stands rather lower before than behind, with 
the neck in the line of the body, the head unelevated, and the nose pointed 
almost directly forwards ; the fore limbs, straightened • the hind, stooping; 
the back, inclined to arch, especially over the croup; and the tail pen¬ 
dulous. In action the tail is slightly raised, but never so high as the 
horizontal line. Though the Bu&nsu be not deficient in speed or power of 
leaping, yet his motions all seem to be heavy, owing to their measured 
uniformity. He runs in a lobbing long canter, is unapt at the double, 
and, upon the whole, is somewhat less agile and speedy than the jackal— 
very much so than the fox. In general aspect there can be no comparison 
instituted between the Bu&nsu and the fox: but one may illustrate him 
by such a comparison with the jackal. To a rather more full opened eye, 
better placed in the head, and provided with something like a brow, the 
Bu&nsu chiefly owes his less sinister and more dog-like expression of 
countenance—the effect being aided by a rather better forehead, and less 
elongated and sharpened face. The Wild Dog’s ears are twice aslarge as 
the jackal’s; his limbs considerably longer ; and his feet larger and more 
spread out, not to mention the great tufts of floccy hair with which their 
soles are provided, and of which we find hardly a trace in the jackal’s feet. 

The fur or external covering of the Bu&nsu consists of wavy wool, and 
straight harsh hair—in Summer in nearly equal proportions—in Winter, 
two parts of wool to one of hair. The hair is, on the neck, 3 inches 
long ; on the Dack, 2£ to 2$ inches; and on the tail to 5 inches. 
On the face, ears, forehead, upper surface of the head, and legs, the hair 
is very short, closely applied to the skin and unmixed with wool. On the 
body in general it is longish, smoothly directed backwards, and rather 
loosely applied to the skin, by reason of the wool insinuating itself 
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organs. But having already described with sufficient particularity the body 
and legs of the BMtuu, I shall confine myself here to the feet, tail and head. 

The feet are large and somewhat spread, pentadactylous before, four¬ 
toed behind. The fifth toe before is short and elevated, as usual; and at the 
back of the wrists is the ordinary callosity. The nails are strong and trun¬ 
cated by attrition ; and the soles of the feet are provided with the common 
number of balls or Tests. These balls are made, as usual; but every part 
of the inferior surfaces of the feet beyond the strict confines of the balls 
themselves, together with the interstices of the digits, is furnished with 
long, soft, loose, hair, projecting beyond the feet in every direction, and 
giving them an appearance of extreme size. I know no domesticated 
dog, but the Kabul greyhound which is similarly provided: and as both 
live in mountainous countries where their feet are apt to be cut by sharp 
edged stones and rocks, the purpose of these socks or sandals (so to 
speak) is probably to protect the feet from such injuries; since pro¬ 
tection from cold can be no object in such temperate regions. The 
tail is of very moderate length, but extremely thick aud bushy. The 
length is that of the jackal’s tail, extending only just below the heel 
properly so called—the fullness considerably greater than in the jackal, 
but otherwise similar. In action, the tail is carried sub-horizontally ; at 
rest, penduiously and always straight. 

The bead, with its integuments, is moderately elongated, broad, flat 
crowned, and low; the real breadth of the posterior part much increased 
in apparent size by the quantity and outward set of the hair on the 
cheeks: the face more seemingly than really sharpened—broad and short 
by comparison of that of the jackal—the eye, oblique and narrow, but less 
so decidedly than in the jackal; its pupil round : the ears, twice as large 
as in thp jackal, broad, erect, subpointed, the posterior margin furnished at 
its base with the ordinary fissure: externally, covered with soft short hair, 
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loins; long, heavy limbs broad, spreading, feet; and a very bushy tail of 
moderate length, straight, and carried low. Its colour is deep rusty red 
above, yellowish below. It stands rather lower before than behind, with 
the neck in the line of the body, the head unelevated, and the nose pointed 
almost directly forwards ; the fore limbs, straightened • the hind, stooping; 
the back, inclined to arch, especially over the croup; and the tail pen¬ 
dulous. In action the tail is slightly raised, but never so high as the 
horizontal line. Though the Bu&nsu be not deficient in speed or power of 
leaping, yet his motions all seem to be heavy, owing to their measured 
uniformity. He runs in a lobbing long canter, is unapt at the double, 
and, upon the whole, is somewhat less agile and speedy than the jackal— 
very much so than the fox. In general aspect there can be no comparison 
instituted between the Bu&nsu and the fox: but one may illustrate him 
by such a comparison with the jackal. To a rather more full opened eye, 
better placed in the head, and provided with something like a brow, the 
Bu&nsu chiefly owes his less sinister and more dog-like expression of 
countenance—the effect being aided by a rather better forehead, and less 
elongated and sharpened face. The Wild Dog’s ears are twice aslarge as 
the jackal’s; his limbs considerably longer ; and his feet larger and more 
spread out, not to mention the great tufts of floccy hair with which their 
soles are provided, and of which we find hardly a trace in the jackal’s feet. 

The fur or external covering of the Bu&nsu consists of wavy wool, and 
straight harsh hair—in Summer in nearly equal proportions—in Winter, 
two parts of wool to one of hair. The hair is, on the neck, 3 inches 
long ; on the Dack, 2£ to 2$ inches; and on the tail to 5 inches. 
On the face, ears, forehead, upper surface of the head, and legs, the hair 
is very short, closely applied to the skin and unmixed with wool. On the 
body in general it is longish, smoothly directed backwards, and rather 
loosely applied to the skin, by reason of the wool insinuating itself 
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the posterior halve* of them, instead of being bent concavely as they 
approach a considerably elevated forehead—as is the case in all domestic 
dog* are bent convexly, uniting insensibly with the arcuation of a low 
forehead. There is consequently very little transverse dip or depression 
in the fore part of the head: and indeed the entire vertical line of the 
skull approaches, by its pretty uniform and gentle curvature to that of 
the hyena,—a form of head of which the true type is to be sought in the 
felinet: Frontal bone*, lower and flatter than in uny domestic dog—rather 
higher and more arched than in the jackal, much more so than in the fox. 
Frontal processes or brows, small, but rather larger and fuller than in the 
jackal or fox. Frontal sinuses, not inconsiderable notwithstanding the 
lowness of the frontal bones; their want of development upwards and 
outwards being compensated by a larger longitudinal range than is usual 
with domestic dogs. The extent, of anterior development of the frontal 
sinuses in the Buansu, and their connexion with the nasal cavities and with 
the brain, are, in particular, more striking than in any domestic dog’s skull 
I have had an opportunity to examine : and perhaps in these peculiari¬ 
ties, taken in connexion with the superior elongation of the cartilaginous 
portion of the nose, we may find the true explanation of the Wild Dog’s 
superior powers of smell, despite the inferior development upon the whole 
of hi* frontal sinuses, as compared with that of the same sinuses in the 
spaniel. Parietal*, as largely developed as in the spaniel. There is 
somewhat less amplitude anteriorly, near the frontal sinuses: but it is 
compensated by greater enlargement posteriorly and inferiorly. Great 
longitudinal and transverse cristee, medial. Rami of the lower jaw, very 
little bent; and the condyles, consequently, scarcely raised above the line 
of the upper cheek teeth. The upper maxillary bones less compressed, 
and the lower jaws more separated, and the intermaxillary bones more 
widened to the front than in the spaniel; greatly more so than in the 
jackal. By reason of these peculiarities the incisor teeth stand nearly in 
a line aa in the fdina, instead of being bent into a segment of a circle, 
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as in the camW. Jaws rather shorter than in the spaniel—decidedly so 
than in the jackal: and herein we must, perhaps, look for the explanation 
of that remarkable anomaly in the dental syBtein of the Bu&nsh, viz. the 
absence of the last molar in the lower jaw. 

Upon this point I expect to meet with abundance of scepticism in my 
scientific readers, which I shall only increase by telling them that the 
teeth have in every other material* respect the well known characters. It 
is the second tubercular behind the great carnivorous tooth that is want¬ 
ing, all the rest having precisely the ordinary forms and positions. To 
remove as far as I can the doubts I anticipate, I beg to state that I speak 
upon the authority of no less than five skulls—three of old— two of mature 
—and one of a young but fully grown animal; that the deficiency of the 
lower molar corresponds with the diminished size of the last upper one; 
that this anomaly is in harmony with the somewhat less than usual 
elongation of the jaws, and with the consequent closer than ordinary 
arrangement of the false molars, which stand anteriorly to the carnivorous 
teeth, both with respect to one another, and to the canines. 

The more we see of nature the more are we convinced that in her 
scheme all generic and other distinctions, established by us, are by her 
insensibly blended into one harmonious whole. The lluamu by his teeth, 
his jaws, and the form of his skull along the vertical line, tends to con¬ 
nect, although with a long interval, the Dogs, through the Hyaena Dogs 
and the Hysenas, with the Cats. But, it will be asked, if the lhtdnsus 


* The rese.*ve implied by the use of the word material, refers solely to the slight difference 
immediately noticed in the text, viz. the closer set of the molars standing anteriorly to the great 
carnivorous tooth. These molars are, cleurly though trivially, nearer to each oilier; and the fore¬ 
most of thorn is nearer to the canine, than in any of the numerous skulls of tume dogs belonging 
to all three of Cuvier's Sections which now he before ine. A minute examination, tooth by tooth, 
has not enabled me to discoicr the least distinction between the ordinan canine dentition and that of 
the Budnsu, with the above exception ; and, of course, that important one which is dwelt on as such. 
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head has any resemblance to that of the Hytenas, why is not the Tiiidnsu 
classed under Cuvier's Third Section of the Dogs distinguished by a 
short muzzle ! and why is not this animal separated altogether, by reason 
of his dental system, from the dogs proper, instead of being made their 
archetype * In answer to the first question I would observe that 1 have ranged 
the Budmu under the Second Section rather than the Third or First, from 
the preponderant character of the skull, derived from the greater number 
and importance of all those indications which belong to it. In reply to 
the second question I would say, much in the same wa>, that though the 
Jiuiitt.su s system of dentition be anomalous, the anomaly is of small im¬ 
portance in comparison of the whole of those peculiarities of entire form 
and expression, manners and habits which decide him to be a propei Dog- 
and that, assuming him to be such, there seems to be peculiar propriety 
in selecting him, an unquestionably w ihi animal, to be. the prototype ol 
his race in preference either to a half rec luinied variety of the Dog, or, to 
the wolf, jackal, or fox,— races, wild indeed, but such as the learned now 
at last are agreed with mankind in general in considering as distinct from 
the true Canine race. There are indeed dillii i.lties h ing at the bottom ol 
this subject, as connected with larger question of the true nature and limits 
of species, which 1 pretend not to cope w ith ; but until they are solved 1 
deem it natural and philosophical to adopt the spi-itu al ililferenccs and 
identities of the world at large. The A t/inhsi universally ( all the Jiudnsi 
a dog; and this general impression, dt rived from a much closer acquaint 
anee with the natural habits and deinci.noui of the animal than European; 
can ever hope to possess, has, 1 confess, the greatest weight with me 
For the rest, and in conclusion, 1 crave permission to say to the querulou 
objector— si quul niuisti &e. or, in a better spmt. let me exhort him tousi 
my facts—reject my speculations and substitute bis own; creating, i 
he pleases, a new Sub-division ol the Dt«ih"iaiin characterised by on 
tubercular tooth behind the great carnivorous tooth in the lower jaw. H 
will find a vacant niche for such anew group between Ccvtcu s Seconi 
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anil Third Sub-divisions ; and lie 1ms my full permission to place the 
Jhiansu therein, provided he will pardon me for having relieved the toil of 
collecting and recording a multitude of tact) by some little indulgence in 
the way of speculation upon them. 

Dimensions of the animal. 
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Dimensions of the skull. 
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X. II. Thesi l.i•:e r iiiciwuronicuts oi’ the skull) arc rectilinear, taken 
with < ahpers—and not drawn along the curves. 
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APPENDIX. 


Canis Aureuh Indicus, scarcely differs, as a variety, from the type of Pallas and 
Guldenstadt: is two feet long and seventeen inches high: the head seven, the tail eleven and 
half, the ears three inches in length: Above, dark or iron gray, with a pale rusty tinge— 
below, whitish : tip of the tail and a patch on the chin and on either fore arm, blackish: 
weight twenty pounds. Feeds chiefly on carrion, preys by night, is fearless and familiar, 
found every where, seldom abroad by day, does not usually burrow. 


Canis Vu lpes Indicus, new: has some affinity with the Corsac: is twenty-one inches 
long and twelve high: the head five, the tail twelve, and ears three and quarter inches in 
length: Above, pale or ashen gray, with a very pale rusty tinge—below, yellowish; a 
dark line from the eyes to the nostrils: Tail reaching to the sole of the font, black- 
tipped. Remarkable among its congeners for the acuteness of its canine teeth and of its 
nails. Feeds chiefly on insects and vermes, preys by day and by night, constantly abroad 
by dny, very familiar, resides in burrows on open dry plains, found all over India, 
excepting the bills. Weight seven to eight pounds. 
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XV. 


OBSERVATIONS 

ON THE 

SPITI VALLEY 

AND 

CIRCUMJACENT COUNTRY WITHIN THE HIMALAYA. 


By SURGEON J. G. GERARD, 

IENOAI. NATIVE INFANTRY. 


PART I. 

It had long been supposed upon theoretical inferences and conclusions, 
deduced from accordant but vague information, that the chain of mountains 
■which defines a natural boundary beteen India and Thibet, recognised as 
the Himhlaya, had a corresponding but less rugged declivity on the north, 
which sinking into a table land, undulated with a downward slope and 
spread out into a plain, and that the whole level of the soil immediately 
assumed an opposite declension to that of India on passing that lofty crest. 
But on crossing various ridges at elevations between fifteen and sixteen 
thousand feet in altitude, by the course of rivers which had their 
origin on the southern slope, the snowy zone was found to be of great 
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breadth, and, instead of an insulated line of peaks, to present consecutive 
ranges, or detached clusters of summits rising in rivalry, and even trans¬ 
cending the hither precipitous cliffs which appear from our plains in such 
gigantic desolate grandeur. The passes into the interior of the country 
were observed to run upon a higher line of level, and the streams to ramify 
many days journey withiu the snow-girt region, as the branches of the 
Onuses, Jumna and Chttn&b, or like the Sallej, to pursue their course through 
the chain, deriving supplies from its northern skirt, and the high land 
at the back of the peaks, or penetrating more remotely, and receiving 
accessions from more inward regions and higher table land, as the Indus. 
In this vast alpine tract, no line has yet been discovered that marks an 
opposite slope to the rivers, nor have we any grounds of inference for the 
probable limit of that lofty level, of which the (ranges and Indus, with the 
Punjab streams, maybe considered as defining the southern declivity, and 
the Brahmaputra and Oxus the eastern and western slope; but nothing is 
known or conjectured of a northward or north-eastern boundary, and wc 
still remain ignorant of the extent, the altitude, and the nature of the great 
central platform of Asia.* Lake Mbnsarovara may be indeed assumed as the 
highest point of the Indian Peninsula, forming a plane which throws off 
the great rivers from south-east to north-west, and the base of clusters of 
peaks insulated between their sources and the northern slope of the 
plateau, of which all our knowledge is still confined to conclusions 
from the upper course of the Satlej and Indus, where the basins of 
those rivers, and cot. lequently the lowest depression of the soil, have 
been ascertained to rest upon the zone of fifteen thousand feet, and the 
tableland, through which they roll, to rise beyond seventeen thousand. 
These are but approximations to the altitude of the broken plains of 
Tartary, which only serve to prolong conjecture as to the extreme verge of 
the highest lines of lev cl. All the waters from the northward deflexure of 


* Baron Humboldt ■ Researchei were not known to Ike author, when thw waa written. 
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this mass of mountains, from the great Kylds chain and table land on both 
sides of it, running into the grand rivers, which form the Peninsula of 
India, or intersect the Gangetic plain, or tending towards an aspect 
comprehended between the debouchures of the Brahmaputra and Oxus. 
In crossing the remotest accessible points of the snowy barrier, or winding 
round the bases of its detached peaks, we find the declension of the soil 
every where, towards the hollows which drain off the southern waters, 
marked by innumerable rapid torrents throughout a reticulation of levels, 
which opening into a common trunk or lateral valley, pour their tribute 
into the great rivers 

On the north-western frontier of British India, the Sally is the 
centre of this system of rivers, collecting in its downward course from 
Mansarovara, streams from the northern skirt of the Himalaya on one 
side, and the high table land on the other, which, rising in bluff undula¬ 
tions, terminates in a rival crest ( Kylds ) which sends its waters to the 
Indus. At the deflexion of the Sallej at Shipke, (Chinese Government), 
it receives similar feeders from the high ridge of Paruldssa on the north¬ 
west, and others from the north, to the limit which turns the declivity of 
the soil towards Laddie and the Indus, and on the south the liquified 
snow of lofty mountains which have their corresponding base washed 
by the streams of the Ganges. In this area of intersections, the river 
Spilt is the great trunk descending from clusters of peaks at the heads of 
the Chandrbdga or Chundb. It meanders through an inhabited valley, 
and debouches into the Satlej, at the village of Namgea, in Kundtcer, 
where the stream is elevated eight thousand six hundred feet. Like the 
other Intra Himalayan rivers, its slope decreases with the rise of its 
course, opening out from a narrow rock-girt channel to an expanded bed 
of sand and alluvial sediment, and towards its source creeping sluggishly 
round the roots of the cliffs. At its conflux with the Satlej, it emerges 
from a gorge, or mere fissure, between perpendicular walls of granite rock. 
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At the Tillages of Ckango and Shi&lkar, twenty miles up the stream, 
the banks exhibit horizontal strata of water-worn pebbles, loam, marl, 
and finely attrited sand, with occasional imperfect traces of fossil exuvia; 
at heights from one to two thousand feet above the river's bed, or eleven 
to twelve thousand above the sea. The channel continues sharp, but is 
here little hampered by rocks. The mountains of a gravelly structure, 
rising out of the dell on each side to the verge of twenty-two thousand 
feet, are almost bare in summer, the marginal snow resting close to 
their tops in a narrow but well defined belt. At the fortified rock of 
Dankar, the bottom of the valley attains its maximum expanse, v hich is 
here flat, sandy, and intersected by the stream : the mountains, forming a 
steep rugged boundary on each side, are indented by water courses, 
which, descending abruptly from the snow, swell the river to nearly the 
size of the Sutlej. Villages and cultivation are thinly sprinkled along the 
banks. In summer, the climate is mild and even sultry, notwithstanding 
the great elevation of the soil, and dense crops of wheat, barley and pease 
ripen in August and September. The winters are proportionally rigorous, 
but the sun’s fays are always extremely ardent, and when the ground is 
sheeted in snow the reflected glare is intolerable to the eyes. 

The forks of the river are near the village of Lossur, the last inhabited 
spot in the dell where the stream has an actual elevation approaching 
to thirteen thousand four hundred feet, winding with a slow declivity 
in a broad pebbly bed round the feet of the mountains, here presenting 
an almost mural scarp to their near summits, which are flat or slightly 
inclined, but the ravine continues beyond Lossur, ana receives the 
remotest feeders from the recesses of the Paralassa, which is here the 
limit of the plane, and gives a northward slope to the waters in the origin 
of the Ckuitdb. The valley of Spilt is thus comprehended between 
the heads of that river in latitude about 33°, and the Satlej in 31° 45'. 
The course is south east, flanked by snowy mountains on one side and the 

o 3 
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declivity of a loftier chain sloping to the table land of Rupshu on the 
other; the more precise boundaries of the district being, the hill-rajship 
of Ktillu and the Himalaya south-west, the Satlej and the British Territory 
of Masdhir (Kundwer) south-east. Snowy ridges and high tubular land 
to the Indus north and north-east, and the Paralassa mountains with the 
branches of the Chandra Bdga north-west, including an area of about 
ten thousand square miles drained by the Spilt. From the southern 
base of the snowy zone to the valley of th** river is a geographical 
distance of fifty miles, and an equal space in the same line of direction 
(north-cast) fulls over snowy mountains, belts of table land and ridges, 
which, though only capped with snow, do not yield in elevation. The 
trreat lines of level continue rising to the Indus, and the land, sloping up 
to the north by successive ranges, at last opens into a continuous plain 
inhabited by Nomade races, who live in black tents, and migrate with their 
Hocks in search of pasturage. These are the Huns and Mongols, whose 
figures are described as very hideous. All hither to that limit, including 
the upper portion of the Satlej and its ramifications and even the valley of 
the Indus, considered by European geographers as table land, is but the 
rugged skirt of this great plateau ; a tract of country unseen by the eye of 
civilized man, and almost inaccessible to the natives of any oilier region. 
The skies are here so arid that little snow falls even in winter and is only 
perennial in the loftiest spots. The section of country made by the Spill 
and its tributaries, though cutting the northern base of the Jlmdlnya, pre¬ 
sents a singular contrast to its opposite or plainward aspect, not only in 
climate and vegetation, but in the condition and character of its inhabi¬ 
tants, and in geological structure, the rocks themselves appearing new 
and all the productions of nature different. 

A traveller entering the valley by the sources of the Chtiudb and 
Paraldssa rhain on the north-west, and trocingdown the river, particularly 
remarks the steep and insular form of the dill's on each side. Where 
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the hollows of streams take their course, they appear like lofty islands 
with their erect bases, planted in the sand, and their almost mural 
sides ending in a flat top on a plane sloping outwards. Near the head of 
the valley these tabular masses are sheeted in snow. In the descent of 
the river the marginal rocks terminate in a sharper crest, andlsink with 
the level, but the snowy zone upon the north, though more remote, 
preserves a very lofty line, displaying erect peaks with slanting 
summits, like the crest of a wave that has gone by. The structure of the 
rocks is generally a packed or scabrous limestone, the stratification of 
which is arrayed in nearly horizontal belts, super-imposed upon each 
other in layers like benches, having their vertical faces to the river, and 
their dip inclined outwards at a very small angle with the horizon, which 
gives their declivity a very regular slope, that sometimes breaks off 
abruptly, but commonly softens into heaps of soil, like the undulations of 
the sea, producing furze pasturage for cattle: but the faces towards the 
river are too steep and rugged for any species of vegetable covering. The 
entire features of the country are extremely arid, with no natural verdure 
or cultivation, except through the medium of irrigation. The valley is 
but thinly inhabited, owing to the absence of streams for agriculture; 
the villages are consequently far detached along the step of the river, 
at a varying level between eleven and fourteen thousand feet; yet 
cultivation which, upon the Indian exposure of the mountains, shrinks 
and ceases beyond nine thousand five hundred feet, here maintains 
its ground and assumes even a denser character at belts of elevation, 
which often correspond to the marginal limit of the snow upon the 
southern aspect of the mountains, or the line of fifteen thousand feet. 
These cultivable spots occur along the course of adjunct feeders of the 
Sptl'i, or in open hollows facing to the sun between the marginal rocks 
of the dell and the parent ridge which defines the levels on either 
side. These villages, though subjected to night frosts during mow 
thau thiee parts of the year, and the keen rigors of a protracted whiter, 
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are more densely tenanted than those in the trunk of the river, where the 
patches of soil for cultivation are dry, rocky and baked; and the fields, 
eaten away by the stream on one side, and hampered by the attrited 
splinters of the cliffs, (which are constantly accumulating,) must in time 
become extinct. This desolating influence, though slow, is irresistible, 
and all the villages will eventually disappear under it, and the whole 
shelf of the river be turned into a desert: the very cause w Inch lias 
opened the country to the abode of mankind, will overwhelm it, and when 
the mountains, from gradual abrasion, no longer bear any snow, the river 
itself will be dried up. 

The tributary villages, or those not actually in the dell, ore planted 
high above and behind the terminal rocks upon a waving slope in the midst 
of a black argillaceous soil, which from its open situation, is permanent. 
The loftiest tenanted spots that have been barometrically determined, rest 
at fourteen thousand seven hundred feet, and crops ol beardless barley 
extend to the verge of fifteen thousand. Men, animals, and vegetable 
productions succeed better here than in the valley below, all thriving 
profusely in a zone that contracts und terminates every trace of plants in 
the Andes under the Equator; nor is it at all improbable that the interior 
and flatter continuity of the country inay nourish a cultivable soil in a 
much loftier region, where increasing aridity and solar reverberation tend 
to a higher limit of the Isothermal lines. At the extreme altitudes where 
grain ripens in Sjnt't, the summer temperature, though considerable, is of 
very short duration in an atmosphere where the heat dissipates so rapidly 
that the nights are keen even in July; hour frost sometimes appearing 
near the fields upon the highland and vallies of Rupsltu, where the 
want of water for irrigation baffles all attempts at agriculture. It freezes 
throughout the whole year, and so early as the middle of September, the 
morning temperature was found between 13° and 17", while in the day 
time it reached to 58°. Upon the declivity of the Spiti valley, in the 
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early part of October, at permanently inhabited spots, the thermometer 
usually pointed between 14° and 16°, once 12°, in a hollow surrounded 
by dead sand hills, and five thousand feet below the level of the eternal 
snow; thus giving a frightful presage of their winter, against which 
the people are, however, well provided through the Sun’s unintercepted 
rays and their comfortable houses, their clothing, and even their food; but 
fuel is so sparingly procured, that during the day a fire is rarely to be 
seen, though always at command amongst people who, enslaved to tobacco¬ 
smoking, are individually accoutred with flint and steel, and the furse so 
dry and brittle as to ignite even when growing. 

Animals of every description derive a woolly covering from the 
effects of their arid climate. The ydk , the dog, and even the horse 
all partake of this provision of nature, but the human race in this 
respect is more defenceless than in other Asiatic countries, being denied 
all beard, while their black bushy heads seem to be insensible to the 
Thermal changes. The Laniis or Priesthood are, by their creed, always 
uncovered, and their black hair being thick set and closely cropped, 
give them a frightful appearance, like Banditti. There is a characteristic 
aspect here in every thing, which betrays a foreign influence. From 
the soil to the skies the whole is new to the eye and strange to the 
feelings. In animal life, this is peculiarly displayed in the shawl goat, 
the yak, and a species of sheep ; and to the dryness of the climate more 
than to its rigors is ow ing the singular physiognomy of the landscape. 
The silky softness of the goat’s fleece, and even its existence, depends upon 
the arid air and vegetation ; all attempts to naturalize it even in adja¬ 
cent tracts, however cold, have failed, and must continue to fail even upon 
a more precise principle than that which regulates the migration of plants, 
for it is not heat but moisture that is here inimical, and both are combined 
immediately on passing the snowy crest towards India. In their own 
country, their only pasturage is tufts of spiked gramina, so brown as to 
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be scarce distinguishable from the surface of the excoriated rocks—for 
when removed from under their native skies to however elevated a region, 
they cease to live. Solitary individuals out of large flocks have, indeed, 
by great care survived a certain period upon the hither side of the 
Hitnilaya, and have even reached the plains of India;—but in no country 
apart from their own bleak elevated pastures, can the species be preserved. 
It is the same with th eyaks and the sheep which have black heads and feet: 
they may be acclimated upon the very border of their native soil, as in Spilt 
or Kunawer, but the wool degenerates, and the animals themselves out¬ 
grow their status and proportions. On transplanting them to the southern 
hills where vegetation is rank and verdant, they tind no nourishment, droop 
and die; those which survive exchanging their soft fur for one of coarse hair. 
Even in neighbouring districts, beyond the influence of the periodical 
rains, and in a very cold climate, though the animals seem to thrive, the 
fleece of the goat deteriorates, and upon the hither side of the Hun&layu 
becomes extinct. The deserts of Thibet are their natural soil, where 
they feed upon apiickly stubble or heathy like grass, scarce wsible to 
the eye, yet myriads of these beautiful animals checquer the almost bar¬ 
ren slopes of the mountains to which they seem destined, and it is futile 
to pursue the experiment of acclimating them to European countries, 
which will be found a mere illusory advantage, for even if they survive, it 
is certain that the third or fourth generation will lose their identity, and 
the fine wool entirely disappear.* The sheep of the table land have 
an equal peculiarity of habit, and arc even more difficult to naturalize. 

* Captain Turner, who veiled Thibet in Warren Hastings' Government, brought down 
several Yaks and Shawl Goats, which w-ere transported to Europe in safety, and a Y’ak actually lived 
in Mr. Hastings’ park for several years. Mr. Moorcroet was equally fortunate in the Goats he car¬ 
ried away from the Tabic land near Mhisarovara , which also reached England. Those subsequently 
imported into France have indeed survived under the advantages of a route by the Caspian sea, 
through an arid country, and the care of a Physician who expressly attended them, but though the 
animals are considered to be thriving, it remains to be seen whether the fleece will preserve its 
natural softness. 
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They are rem 'table for size, and the quality of their wool and flesh, 
and a long and very small black head, with legs and feet of the same 
colour. These immense animals are used for the transport of grain, 
salt, lineal, kc. kc. They pasture upon the leafless plains of Chumurti, 
and the higii table land, all along the forks of the Indus , being 
indigenous to the whole of Thibet from the limit of Yarkand to the 
east of Lhassa. They come down in vast flocks to Spilt in the autumn 
for grain, but though here in a tract of country arid and desolate to the 
last degree, they cannot be reared with any advantage. In the deserts 
occupied by the Nomade tribes, both the animal and its fleece reach a 
finer standard, and there the climate is drier, amt vegetable productions 
more scanty, llorses alone undergo the transition from their elevated 
pastures, but they lose the woolly covering that invests the roots of their 
long hair: the wild animal has never been domesticated in any situation. 
Both would appear a prion to have a common origin, yet the circumstance 
of their eluding every attempt to tame them when caught, and their uniform 
speckled colour of fawn and white, and their wild agility, demonstrate 
them to be distinct species. 

The inhabitants of Sjiiti afford even ampler trails of distinction than 
the annuals; a community of condition arising from individual penury has 
generated reciprocal ties of social attachment. Though poor in those 
resources w Inch denote easy existence, there is nevertheless a degree ot 
comfort, in the necessaries of life amongst the lowest classes unknown to the 
natives of the southward hills, where indolence and insulated habits have 
alienated those feelings of concord which make even poverty agreeable. 

The common repast of the Thibetans consists of a greasy soup, called 
J.appi. and buttered tea: animal food is also naturally abundant in 
a region where pasturing flocks are almost in a state of nature, and in 
every house may be seen the dried carcasses of sheep and y&ks, and skins 
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of fat and butter. They are much addicted to tobacco and fermented 
liquor, and upon the whole the comforts of life are in their kind neither 
sparing nor unsubstantial. Their manners partake of the grossness of 
their food ; no feeling of female delicacy prevails here, and a promiscuous 
familiarity and coarseness in all. the habits and decorum of life reign 
everywhere. Their wearing apparel accords with the exigencies of the 
climate and the suddenness of the thermal changes From the sheep-skin 
tunic to tiie chint7.es and fine silks of L/tasm, which last are the insignia 
of the higher classes, or from the Vazir of the State to the Nomade of 
the desert, there is little in education or manners to denote distinction. 
Authority here, as elsewhere, claims a certain respect; hut the only 
courtly deference I observed in my interview with the Khar pan of Ladik 
(and this seemed to he due to me rather than from me) was during dinner, 
which we eat together in the midst of his greasy attendants, who devoured 
the fragments with voracious appetite, licking their fingers and then their 
plates, which w< re afterwards lodged within the folds of their woollen 
garments, or between them and the skin. 

Strangers, especially Europeans, arriving amongst them and passing 
rapidly on their way, see nothing in the country or inhabitants to raise a 
favorable impression in their mind. They observe them in black bare¬ 
headed groupes, timid, squalid, and in rags, and every third person a 
priest; hut, however unintelligible their conduit when debating in an 
unknown dialect about supplies, or the propriety of our progress, (both 
of «inch arc doubtful in such a territory,) m t!,i ir houses we were treated 
with friendship and hospitality, unaccompanied by that savage feeling 
'«Inch pioti cts a traveller as a guest, and betrays him hejond the threshold 
ofliissju luui\. 

The complexion of the people is darker than might be assumed from 
the influence of so cold a climate, hut the solar beams are equally or more 
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ardent in an atmosphere, which, by its want of humidity, excoriates to 
brittleness every trace of vegetation, and parches to a ruddy and scabrous 
coarseness the skin of the face, especially in the females. The people of 
both sexes are naturally indifferent to shame, and alienation of chastity 
in the females is here a mercenary interest purchaseable upon the lowest 
terms. In figure they are stout, waddling and dumpy; in address, 
presuming and indecorous, but much of their open familiarity is the 
offspring of immoderate curiosity. In face they are not beautiful, , even 
when young; when past their climacteric, very unseemly; and when 
old, a picture of horrid ugliness; not regardless of the aid of artificial 
charms, their hair glistening with rancid oil hangs loosely round their 
sun-burnt necks: sometimes it is woven into tresses which braid the 
contour of the face, but is commonly unregarded and blows out in the 
wind, giving them a shaggy appearance like wild beasts: their black 
greasy heads are embellished with lapis lazuli; their sun-bumt necks 
with amber and coral, their wrists and ancles with snow white shells, 
and a girdle of beads and other trinkets, all shining in the sun’s rays. 
The men, without any superior pretensions, have their peculiarities less 
out of place, but they are black, greasy and imbecile, without any noble 
qualities whatever. Poverty and their insulated situation have denied 
them all pride of distinction, and subdued their feelings to one uniform 
level. Such is their general character, and it will apply to the whole 
nation of Thibetan Tartars. The absence of female chastity is a singular 
commentary to their honest and pacific conduct and the other social 
qualities of their natural society. 

The country is every where broken into steep arid peaks, uniform 
sterility covering alike the mountains and the vallies. There are none of 
those fine contrasts of scenery which we behold in the southward regions 
of the Himalaya, where all the beauties and all the horrors of Nature are 
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united together in a single precipice. Cultivation is here solely indebted 
for its existence to irrigation, and this nutritious impulse in so dry a 
climate is far more powerful than the spontaneous efforts of the soil, in 
quarters where the effect of atmospheric heat and humidity is combined. 
To the climate, vegetation (such as it is) owes nothing, but rather succeeds 
in spite of it. The few traces which are sprinkled over the dead sides 
of the cliffs shoot out of the rock as if impelled by their own vitality, 
but in the loftier zones, where the soil is better and the solar warmth 
mitigated, there occur upon the slope of the strata extensive tracts of a 
thick set prickly bush, which in appearance resembles the surface of a 
Highland heath. 

The villages in the valley itself are planted upon an alluvial slip on 
each side of the river at long distances, and are indicated in summer by 
their verdant environs, and in winter by their black appearance in the waste 
of surrounding snow. The crops of this region are dense, but have little 
variety. The staple grain is Ooa Jdo, or beardless barley, peas, turnips, 
and in a few spots Phapru and mustard, the seed of which last is expressed 
for oil. The fields are sown in April and May, the seasons varying with 
the level, and in the elevated belts by the hollows of tributary streams ; 
where the winter is protracted, the soil is cleared of snow by sprinkling 
black earth over it. 

Notwithstanding the almost perennial night frosts at those extreme 
limits, and the seventy of the climate during the sun's southern declination, 
the crops are even denser here than in the dell below. 

As the cultivation of farinaceous grains chiefly depends upon a cer¬ 
tain degrfee and duration of heat (which, in these regions, is found quite 
sufficient in July and August, without relation to the rigors of the previ- 
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ous or subsequent months), it was an oversight which this physical fact 
led to in the inference that the Ooa Juo, or Tartaric barley, might be 
acclimated to the mountains of Northern Europe. The excessive cold that 
reigns at the highest cultivable levels of the Jnlra Himalayan regions 
during the greater part of the year, in no way cramps the progress of 
vegetation, since this is effected hy the necessary quantity of heat during 
the appropriate season, and which, though perhaps never so considerable 
as in Southern Europe is more constant: and the solar rays of this 
parallel of latitude, in so thin and transparent an atmosphere, arc infinitely 
more powerful; to such an extent, that the difference between their direct 
ardor and the shade is often more than one hundred degrees, and the 
contiguous slopes of the same ridge, within the space of a few hundred 
yards, present torrents of liquid snow and streams of unthawed ice.* 
These facts, and their effects upon the constitution of men, animals, 
and vegetation, are not properly understood in Europe, or if known, 
are explained upon theoretical assumptions which have no grounds of 
existence in nature. 

The feebleness of the sun's rays in any part of Europe must render the 
mountain acclivities, of even moderate elevations, inimical to the success of 
the Tartaric grains, though the degree of cold there never approximates 
to that which reigns in the high zones of Spilt. Of this we have analogies 


* It will scarcely be credited that in the beginning of September, upon the Northern slope of 
the Paralassa, at an elevation of fifteen thousand five hundred ieet, u thermometer resting upon the 
rocks marked 158°, while the temperature of the air was 56°,—again in the middle of October 
when the Sun’s Southern declination is already great, at the Chinese village of Langtcha s elevated 
more than fourteen thousand five hundred feet, the sun’s rays absorbed by the sand had a tempera¬ 
ture of 130°, while the air was 46°. In the end of the same month, in a valley flanked by Jofty 
rocks, but at an elevation of twelve thousand feet, a thermometer stood in my pocket at 105°. 
Wherever we go we find the sun’s rays oppressive, and much of our surprise at the high eones of 
inhabitants, and cultivation, ceases when we become acquainted with these circumstance*. 
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on the Southern or Indian slope of the Him&laya, where, in a distance 
of only a few miles, and frequently within a few hours’ journey on the 
corresponding aspects of the same ridge, we find cultivation checked, 
and altogether extinct on the verge of ten thousand feet, owing to the 
insufficiency of the summer heat at this limit, notwithstanding that the 
winter season here, in respect to mere cold, is far less severe, and the 
mean value of the climate much superior to that of the Intra Himalayan 
regions where grain is exuberantly cultivated. The climate of Spilt, not¬ 
withstanding the great elevation of the soil, unites the extremes of sultry 
heat and excessive cold ; while the sun’s rays are always intolerable, and 
in winter, strike with an ardor proportionate to the keen rigidity of the 
ambient air. At this period, when the country is sheeted with snow, 
exposure scorches the face and inflames the eyes even to the loss of sight, 
the glittering expanse is here made more brilliant by the reflection of 
skies of the deepest azure, even as black as ebony. On the first day of 
November, after a fall of snow, and in a temperature of 25°, I was fatigued 
by the sun’s rays striking through a thick coat, and while feet and 
legs were undergoing a constant transition of thawing and freezing, to 
me at least the solar heat felt the most distressing, till the road deflecting 
round a bluff angle on the margin of the river brought us into the shade, 
where a bitter cold struck us to the bones, congealing the moisture of 
respiration, and the clothes on our backs and our legs, which in the ford 
of a torrent, came out at each step stiff with ice. From this time the 
mercury daily pointed near the zero of the scale, once two degrees below 
it, and probably did not rise, and must have fallen many degrees in the 
subsequent four months. What the cold arrives at, when the sun reaches 
his southernmost declination, is a conjecture that may be safely hazarded 
at—20° or—25° for the inhabited spots in the valley, and at the villages on 
either side of the limit of nearly fifteen thousand feet, it can be little 
above the freezing point of mercury 
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The winters are followed by a degree of warmth equal to the 
summers of the south of England, and a far more powerful sun, but with 
a more variable diurnal temperature. Upon the elevated table land of 
Ripshu, or at the tenanted environs of Spiti, whatever be the degree of 
midday heat, it flies off so rapidly in the thin air, when the sun ceases to 
shiae, that the nights of those regions offer an extreme contrast in their 
chilliness, the range of temperature in the twenty-four hours often 
exceeding 40°. In insulated elevations this would not amount to 15°. 
Towards the end of August, the climate of the middle regions of Spilt had 
a day temperature of 83°; and clouds of dust wheeling along the river 
bed, and sometimes a weak and transitory peal of thunder gave the 
scene a more tropical complexion than would readily be conceived 
possible at an elevation between twelve and thirteen thousand feet 
above the sea, and in a parallel of 32£° oflatitwle. At. Tiankar, which 
verges upon this last level, my small tent was but a feeble screen against 
the solar rays, the thermometer on the table rising to 110°; but in so 
rarified and elastic a medium this accumulation of heat is very fluc¬ 
tuating, for, when it rains, the air at midsummer is chilled down to a 
degree very uncomfortable to the feelings, and the cliffs in the immediate 
vicinage of the villages are often sprinkled with fresh snow. In the 
vallies of Ritpshu, at a mean elevation of sixteen thousand feet, where the 
maximum temperature may be estimated at 75°, it snows occasionally in 
July, and freezes always at night* ; yet such and even loftier situations 


* Moorcroft, in inverting this tnct at midsummer, encountered a fall of tnoir, which however 
vanished during the aunt courts. M. Cioma dr Kobo*, the Hungarian traveller, had a more 
frightful picture of the rigor of the climate in an adjacent tnct Zanskar, where, on the day of the 
tummer tolitice, the ground wat sheeted with a fresh fall of tnow, and in the beginning of September 
the same scene was renewed while the crops were ttill uncut. Moorcroft when encamped on the 
shore of Lake Mansarovara, had hit tenU covered several inches deep with tnow on the 10th of 
August, with frosty nights in July, when approaching the forks of the Indus .*•— facts of themselves 
(in so low a parallel of latitude,) demonstrating vast height, and in connexion with analogous 
observations upon the Isothermal lines in Rupthu (if we had not Barometrical levels of the Satig at 
Shipkl and Bekhar, and Captain Wkbb'b depression of the river from NUi pass) affording presumptive 
inferences for placing that lake upon the very verge of seventeen thousand feet. 
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are the pasturing regions of innumerable flocks, where if is difficult for 
the eye to detect any nutritious vestige.* The marginal limit of the 
snow, which upon the sides of Chimborazo occurs at fifteen thousand seven 
hundred feet, is scarcely permanent m Thibet at nineteen thousand, and 
upon the southward aspect has no well defined boundary at twentv-one 
thousand feet. I'rom tin altitude approaching to that line, and which was 
bare of snow, 1 was in view of a distant chain, the detached peaks of which 
appeared under an elevation of some minutes; yet a few traces of snow, 
like ribbands, only remained on the last day of August. My own position 
was here at the edge of the. snow, from which to the bed of the Spilt, at a 
jierpendicular depth of ten thousand feet, was a continuous bare slope. 
The opposite (noithern) declivity was indeed sheeted in snow to the bottom 
of a deep dell, and all beyond me was uniformly white.| If the objects 

* A late traveller, M. TaMreAND, !ia» discovered m the IViu*lan Andes similar scenes to those 
in 7 Tubet, the level of towns uml cultivation having tlicic an altitude of between twelve and fourteen 
thousand feet, and the highest inhabited villages and fields rising to nearly sixteen thousand. The 
crest of the mountains is propoitionally elevated, two peaks having been determined at twenty-four 
thousand and twenty-five thousand five hundred feet respective!) : the Himalaya are still superior 
in actual height, and greatly surpass the Andes in the medium of u laige tiact of lofty level, and the 
interior regions, which already begin to present a more gigantic display, arc- wholly unexplored. 

} This spot is upon the northern verge of Kunawrr, conterminous with the Chinese frontier, 
and immediately above the Hamlet of Changrezinrj. The extreme ascent was effected upon the 
31st of August, the preceding night “having been passed at an elevation of eighteen thousand feet . 
even here we found ourselves so much exhausted by the rurefaction of the fair that every 
movement was an exertion. Though the wind had a temperature of 42°, the sun’s rays weie so 
harassing as to force us to screen our faces, and lor mv own part litciallv to envelope myself in a 
blanket—Somnolency, languor and sickness affected us so much that we lay all day in hollows 
amongst the rocks, without thinking of our situation or the chilliness of night. We slept in the open 
air under a calm resplendent sky and a temperature of 19°, that of the ground we lay upon being 
14°,’yet we did not suffer great inconvenience except when the puff* of cold wind crept in upon us, 
and congealed the moisture of respiration. The ascent from this spot {short as it wus) occupied us 
upwards of three hours, and latterly our progress was beset by debility and such a sense of 
suffocation from the partial inflation of the lungs as almost overpowered our utmost effort? to 
move. I do not think we could have ascended much higher at that time, had it been 
practicable. At 1 p. m., the Darometer stood at 14,220 inches in a temperature of 80° 
which computed from entemporary observations at Calcutta, indicate* an altitude exceeding 
twenty tho sand and four hundred feet, a result which may be depended upon as being 
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I beheld from this lofty station were fifty miles distant (and the eye 
traversed a large tract of intervening country,) the difference between the 
apparent and true level would of itself amount to fifteen hundred feet, 


farther verified by the observation of several contiguous peak*, whose height had been fixed 
trigonometrically from various lofty positions by my brother, Captain Alexander Gerard. 
One point, in particular, which flanks a pass communicating between Kun&wer and Spilt, and 
elevated twenty thousand and five hundred feet, had the smallest appreciable depression, and 
the convexity of the level at the distance of my station, absorbed the trifling excess of height in the 
peak. On my north was a detached group of white tops concluded, from the angles they subtended, 
to be twenty-four thousand feet above the sea ; the marginal snow occupying a very narrow belt, 
but the surface unbroken by a. single dark peak. Beyond them appeared the chain of bare peaks 
in a very sharp outline. I took the angles of various points. Some were upon the plane of my own 
level, but generally all were a few minutes higher, and as the view was intercepted by an adjoining 
ridge, I could not ascertain the limits of their height or extent. Their sides were very precipitous, and 
from their reddish and often pale appealance, I concluded their structure to be gravelly or of 
sandstone, of which their configuration gave every sign. Their steep and conical crests seemed to 
have assumed that form by the wearing away of the surface : some were entirely naked, and where the 
snow rested, it was in patches or stripes in the course of hollows. The ground at their base was very 
rugged, and had an apparent elevation of eighteen thousand feet, the rock displayed itself below like 
granite, overtopped by the red formation; whatever it was, I am the more inclined to this belief from 
the occurrence of vast blocks of granite in a gorge which crossed my tisccnt, having been disclosed 
by torrents from the snow ; while, at my nearest appulse to the summit, the rock was not connected, 
and seemed to run into a secondary senes. The extreme tops at an estimated altitude of between 
fifteen huudied and two thousand feet higher were perfectly white, and had a bluff contour as if 
derived from the elements of their structure. The highest point of the hare ridge appeared at the 
verge of interception by the slope of an adjacent mass of mountain which was cut off from my posi¬ 
tion by a deep dell, but 1 have no doubt that loftier objects were to be seen, those in view being 
sufficiently indicated to authorize the inference, and being accessible points as far an physical 
obstacles are concerned, they hold out to adventure a prospect full of interest with relation to the 
structure of such elevated masses, and the observation of the unknown regions beyond them which 
have not even a mark in our maps. The sun’s rays were very distressing here, but they seemed to 
be showered down with triple ardor upon the chain of conical peaks till they glowed in the effect ot 
their desolation like a towering outline of volcanoes, to which impression their form and aspect 
bestowed an image of reality. Some very distant snowy peaks glittered in the horizon towards JRupJiu, 
but the great chain which lay to my north in passing over that tract was not visible, and as it runs 
behind the bare ridge and is sheeted with eternal snow, its summits must be vastly elevated. Tart of 
the same chain was, however, descried from Parktul , rising out of the table and in a line of white- 
nets, my own level being hers nineteen thousand and five hundred feet, and the intervening country 
between me and the objects a little under it all black :—a still more eastern portion seen from near 
Bikhary had an appreciable angle of altitude from a base of eighteen thousand two hundred feet, and 
at a vast distance. 
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but tome of the points subtended an angle approaching to half a degree, 
thus arguing an absolute height exceeding twenty-two thousand feet 
free of snow. The outline was very steep and sharp, and the peaks of 
a reddish colour, from a gravelly or sandstone structure, had a most deso¬ 
late appearance. The contiguous level, though very lofty, was still rugged, 
and where the surface of the country is more even, we may conclude a 
greater altitude for the seat of perennial snow; and it would seem from 
the oral accounts of the Lamas, that the inward and still distant ranges 
confining upon the Tartaric plateaux, exhibit no snow that rests through¬ 
out the year, not owing to any depression of the soil, but to the constant 
shining out of the sun; and it is no vague conjecture to entertain that 
tracts of land will one day be discovered, where the abodes of mankind 
and cultivation surpass in height the summits of the Andes, having 
the winters of the Polar regions, without their snow, succeeded by the 
summon of Eugland. 

The peculiar aridity of the Jntra Himalayan regions is a subject 
connected with so many meteorological phenomena, and with so much 
of the conveniences of life, that it seems to open a new field to the philoso¬ 
pher. Things do not .rot in Thibet, but crumble in long ages. There 
are neither moisture nor insects to produce decomposition. Every thing 
desiccates, and, as it were, stands fixed: the process of decay is slow, and 
superficial things gradually disappear in dust. Where there are no forest 
trees, timber is of great value, but here it lasts for centuries, and the 
roofs of the houses constructed of an argillaceous earth are actually 
baked by the sun's rays, till they harden like the kankar of the plains. 
Where little rain or snow falls, there are few natural agents of destruc¬ 
tion, and we see neglected Monasteries yielding slowly to time, each 
winter eating away portions of the walls, while the timbers remain 
unchanged. Ruins in Thibet are the records of far antiquity; books are 
imperishable, for no insects attack them, and there is every probability 
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that literary memorials of the earliest periods may be extant in a climate 
and position alike favorable to their preservation. If any Antediluvian 
relics of the human skeleton are to be found at all, they are likely to be 
discovered in some part of this elevated platform. 

The hygrometrical state of the air produces more important physical 
effects than either heat or cold, for it gives a new aspect to a country; 
and, in this respect, Spiti may be taken as an index of the physical 
Constitution of the vast regions lying beyond the Himalaya, and its 
consideration will assist to explain some of those anomalies which have 
opened upon us in that hitherto unexplored quarter. 

The traveller in Thibet is struck with the difference in the aspect of 
opposite sides of a ridge having in many places not more than twenty 
miles in breadth. The masses of ice resting in hollows of the bare rock 
near which no snow is visible, where the sun’s rays are scorching, and the 
temperature of the air is very mild, for though elsewhere it would thaw in 
a temperature above 32* it remains permanent here at nearly 50°. I have 
seen torrents frozen solid in the beginning of September, where the ambient 
air of the spot kept the thermometer at 57°, and the ice did not appear to 
drop. In the southern hills, in the dry and clear months of November 
and December, it is usual to see water freezing in a temperature of 46°, 
at an elevation of four or five thousand feet above the sea, or under a 
barometric pressure of twenty-five to twenty-six inches,—but by increasing 
the density of the air by descending to a lower level it requires a much 
greater degree of cold to produce the same effect, and under circumstances 
of excessive moisture, a thermometer will fall below the freezing point 
and no frost take place. Cotemporaneous observations made between 
various parts of the bills and stations on the neighbouring plain in the 
latitude of 31 °, have verified a fact which theory has scarcely indicated, and 
scientific inductions (as far as I am acquainted,) are almost silent upon 
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The different effec ts produced by various degrees of rarefaction of the 
atmosphere and its relations to moisture are such as make the thermometer 
cease to be a correct measure of temperature, for it is not the actual, but the 
sensible quality of it that is so important to philosophical studies. The 
superincumbent atmosphere upon the surface of the Gang-etic plains in the 
months of November and February, when the thermometer frequently falls 
below the freezing point without ice being formed, is an instance of cold 
without its due effects, while in the mountains at a height of seven thousand 
feet, as at Simla , a much higher temperature will freeze the soil a foot deep. 
The sensibility of our feelings to those atmospheric influences is but too 
delicate. Let one contrast the damp morning chill of the plains with the 
frigid elasticity, and even stimulating effect of the mountain air which, 
perhaps ten degrees higher, gives the aspect of an European winter. In 
one case the air being loaded with moisture, and absorption farther checked 
by its density, a film of ice is onl y produced by a temperature of 28° or 30°. 
In the other, the air is so dry and subtle that it freezes by the effect of 
evaporation more than by mere cold. In the Jnlra Himalayan, regions 
this power is so much augmented by aridity that ice often disappears 
unthawed while snow has been seen to fall when the temperature pointed 
to 47°. In the southward hills the air must be cooled down to 37° before 
this takes place. 

Every person in India is familiar with the peculiarly mouldering 
nature of the rainy season, though the heat is perhaps tempered fifteen or 
twenty degrees. It is the moisture which is here the element of struc¬ 
tural decay and of oppression to our feelings. In Spilt, yaks arc killed 
in the end of September, and hung up to dry' when the mid-day air is at 
86° or 08°. It is the absence of moisture here, that produces the opposite 
state, which is so sharply defined, that all the productions of nature, both 
animal and vegetable, would appear to be an effect of it rather than to owe 
their peculiar form to distant species. To this accelerated vaporization 
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is owing f ie fluctuation in level of the lakes in Tartary, in defiance 
of increasing cold. The lake of Mdnsarovara celebrated in Hindu my¬ 
thology for giving efflux to several rivers in opposite directions, (a me¬ 
taphorical figure to indicate the point of their divergence) was not admitted, 
upon Moorcroft's assertion, to be land-locked, from ideas of the feeble¬ 
ness of evaporation at that great height then unknown and unsuspected ;* 
and though the lake does appear to have an outlet in the Satl(j, 
this does not alter the question in regard to basins (inferior it is 
true to Maumrovnra , but under similar circumstances) having been 
found wholly inclosed; and Moorcroft was right as to the fact, though 
his reviewers could not reconcile it with their preconceived opinions. 
('hamonrU iwhich is probably fifty miles in circuit) has no passage 
outward, though it is fed by streams which have a broad channel, 
and run with great volume in their season. ) Evaporation by an atmos¬ 
phere which from its extreme rarity and dryness, greedily drinks up 
moisture, is here amply sufficient to graduate the marginal limit of those 
lofty reservoirs to the extent of four or live feet, which was the maximum 


* The table land of Thibet was estimated by European theorists at eight thousand feet 
above the seu, though Captain Turner bud shewn the unprecedented rigors oi the climate even in 
so low a latitude, and MooucuoPt’j. Nairutivc had given us a sufficiently t tight fill idea ol midsummer 
in thut town try. 

+ This lake occurs in Ituftt.hu at nn elevation of fifteen thousand feet. It is a long sheet of 
bhie water with a varying breadth. My route took me by Us margin fora whole day’s journey, and 
1 encamped at its eastern extremity where the shore wns of turf. No water mark appeared above 
five feet, and ns I was here in the end of September, that may be considered as the limit of fluctuation, 
a circumstunce winch wub assumed by theorists in regard to Mantarovara as proving the reverse of 
what Mr. Moorcroft asserted, or that there must be a drain from the waters of the lake. Chutnoieril 
has likewise no efflux, though several streams pour the liquified snow of the neighbouring mountains 
into its basin. Evaporation in this dry Bir is fully sufficient to preserve the balance, and it js more 
surprising that any water should i emuin at all, than that no outward communication should exist. 
The northern margin of the lake is hemmed in by a mass of mountain which shoots up in a nearly 
mural precipice of bare rock to u height of twenty thousand feet and upwards. The Know rented 
cloac to the summit, but in vast bodies, having a cliff of several hundred feet, and but for its dazzling 
whitenehfi might have been confounded with the rock itself. It had ceased to melt. In winter the 
lake freezes, and remains fixed for several months, the snow then accumulates upon the ice and 
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fluctuation that Moorcroft observed, and I myself have found to prevail. 
The hot winds are even there far less parching than the air of the interior 
Himdlaya in autumn,—wood, books and shoes warping under it. At 
Shipke, upon the verge of the table land, this dryness was quite withering, 
and every thing flexible was converted into a coriacious hardness, and we 
felt a sensation of intense cold when the thermometer pointed between 
40° and 50°, and, under the influence of a strong wind, the effect of a 
temperature but a few degrees lower was quite benumbing. In the British 
territory of Kundwer, laying beyond the 1Himalaya, all the fruits are dried 
upon the tops of the houses at the season of the periodical rains in India. 
Even turnips are preserved in this way. To this state of the climate 
is owing the superiority and preservation of all the northern fruits of 
Kashmir, Kdbul, and KandaMr. A circumstance still more surprising 
in this atmospheric vicissitude upon the immediate verge of an Indian sky, 
came undor my own observation. The fresh roots of the Itheum palmatum 
which I dug up from amongst patches of snow at the solstice in the 
Himalaya ridge, were so brittle in August as to be easily' reduced to 
powder, and moist opium received in Kundwer in the middle of July, was 
pulverised to an impalpable fineness in the subsequent month,—thus at 
the most humid period of the year was effected a process that in India is 


with the return of flpring the gelid expanse breaks up with a noise like thunder, and thaws away, 
and torrents from the surrounding high land contribute their accessions and rise the surface to its 
maximum limit. Evaporation now exerts the combined influence of an ardent sunshine and a dry 
attenuated atmosphere, and by the end of August the lake has sunk to its greatest depression. 
Mdmarovara is precisely similar, but upon a much larger scale in respect to the volume of its waters, 
its elevation and magnitude of the scenes around it. The water is well tasted, which would seem to 
argiye some outlet, which the oral accounts of the Lamde would confirm to be that of the Sally ;—as 
to the egress of any otiier rncr in such a situation,—it is a supposition bordering so closely upon a 
physical impossibi’ity that it need not be entertained. Tbfe waters of Lake ChamorerU (os might be 
expected from their having no drain) are unfit to drink, though barely differing in taste from that of 
running streums. Another lake, two days journey west of Chamorertl, at an elevation of fifteen thou¬ 
sand five hundred feet, was found very bitter and brackish, and I was surprised to see wells 
of the finest water, in the very midst of the salt marshes : innumerable wild fowl covered the entire 
surface. 
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scarcely attainable by any length of time, while in Calcutta opium cannot 
be dried for medical purposes without artificial heat. In Europe the 
rhubarb roots, at the end of a year, generally require to be baked in an 
oven before they can be pulverized. 

Hygrometrical considerations seem to have been entirely neglected 
by travellers in India. 1 was fortunate enough in being put in possession 
of Kater's hygrometer, in the tour I made to the sources of the 
Ihjphasis and Chundb, and across the high land of Rupshu into Spilt, 
which afforded me an opportunity of comparing the State of the air on 
both sides of the Himalaya, and the degree of humidity that belonged to 
different elevations and situations; the general conclusions from which 
were, that the atmosphere of the interior regions was more than twice 
as dry as that which rested upon the southern hills;—that the aspect 
of vegetation and the rocks corresponded with the indications of the 
hygrometer, and that the climate of the valley of Spilt at an elevation 
of between twelve and thirteen thousand feet, in October, was infinitely 
more arid than that of Subathu at four thousand feet, in May and 
June, when the wind becomes heated and the country parched up. The 
temperature in the former was between 40° and 45°;—in the latter 80“ 
The minimum of the hygrometer, in a scale that indicated 1,200, as the 
point of saturation was 038,* the barometer being then 19.270, thermometer 
53°. For a succession of days the range varied between .042* and .055* 
for the least, and 170 to 190 the greatest, which last always occurred 
sometime after sunrisel. At elevations of nearly fifteen thousand feet, 
the results were not so decisive owing to the presence of clouds in the air 
and to the great difference of temperature, the correction for which I have 


* So written in the MS.; perhepi intended for S8, 42 and 55. 

f At Subathu, Kater's hygrometer seldom felt under 100 in a temperature exceeding 90“.— 
In Spilt, in October, the depression was generally 45 in an atmosphere oi 50 degrees. 
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never ascertained.—In these last situations the weather was very cold 
and unsettled, the thermometer varying from 12° to 41°, with occasional 
sprinklings of snow. Under analogous conditions the dryness of the air 
increases with the elevation. I regret having overlooked the wet bulb 
thermometer which from its principle and simplicity is, without a doubt, 
the most correct measure of atmospherical humidity : a compensation may 
however be suggested for the effect of the wind in accelerating absorption. 

The face of the country, as far as it has been seen, affords a desolate 
view to the botanist, but the field is not so unproductive as it looks, and 
vegetation though scanty, will be found to exhibit many new species and 
peculiarities. A generic character prevails: most of the plants being 
armed with spicubr: furze and spartium form the general clothing of 
the soil. In animal nature, the scene is equally fertile in ninety: and in 
geology, there is much to interest inquiry; and if elevation is an object 
of science, the mountain ranges here oiler facilities of ascent, which the 
steepness of the southw'ard llimalnijn. the snow and the cloudy climate, 
entirely oppose. It is obvious that angles taken from an altitude of 
twenty-one thousand feet, would be subject to little or no refraction where 
the visual ray passes through so thin a medium. I'Tom such a position, the 
highest levels of the country would be accurately indicated, as'ummg the 
base to be correct, which barometrical observations would sullic iently 
establish. Objects visible upon the plane of the horizon, at a distance of one 
geographical degree, would be actually elevated three thousand feet: the 
extreme height of the mountain range would thus be readily determined, 
as the observations would be liable to little discrepancy from atmospheric 
causes. The climate in summer is sufficiently favorable for a slationary 
residence, and at twenty thousand feet, one would rarely be exposed to a 
severer night temperature than 20°, or during the day, to one of ten 
below 45°, very commonly much higher, from the power of the sun s rays. 
Observations might be made on the diminished pressure of the air upon 
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the organs of life and matter, evaporation, and many meteorological 
phenomena. 

The hope of new discovery increases the feeling of gratification we 
experience in treading over spots unvisited by man. Wo precious ores 
have yet come to light, but if analogy is any guide to expectation there 
is nothing against the supposition, that metallic riches may be concealed 
in the lofty masses of the interior, which in configuration and structure, 
correspond to those that produce them in America. This is not a new 
conjecture, and if they do exist, their site will probably he found in the 
highest zones of the limestone or clay slate. The lenticular particles of 
gold which are daily washed from the sand of the Sa/lej and other rivers, 
afford no clue to the solution of the problem, but together with the con¬ 
formation of the mountains and the fact (orally related) of auriferous ores 
having been discovered in Thibet, there is no reason to discard the idea. 
Copper has already been found at Sungnam in KunAr.er and in Split; 
which is here at least as presumptive of the existence of precious metals 
as galena is of their mines upon the hither side of the Himalaya, which 
though discovered, seem doomed to oblivion through the timidity and 
poverty of the chiefs of the soil. 

It is to the inner ranges that we must direct research for the germs 
of metallic wealth, and especially where the great lines of level mark the 
highest continuity of the country. There is nothing to expect from the 
primitive formations which shoot up in hard compact masses into the 
peaks recognised from the plains of India as the Himalaya. 

In the mountains verging on the table land, the rocks are all of the 
order considered as secondary and of the very class which envelope 
the treasures in the Andes. In those formations we have in a general 
view horizontal sandstone, wacke day, and micaceous slate, and varieties 



*64 


OBSERVATIONS ON THE 


of limestone, even down to the transition structure that displays itself 
in caverns, stalactites, &c. &c. and contains animal remains and traces 
of plants, being often entirely composed of vegetable matter. The soil 
itself appears in argillaceous earth, beds of gravel, clay, and marie, 
deposits of gypsum, and a cineritious looking rubble, indicating coal or 
plumbago. Though no traces of ore are visible upon the surface, those 
mountains may only differ from the American chain in containing it in 
the loftiest zone, untrodden by man ; but the mineral state of the interior 
has not yet been examined, and neither the scenes of savage beauty 
in some places, not the grandeur of their barrenness in others, have urged 
adventure to explore scientifically their lofty strata. The fossils of the 
Himalaya in respect to variety, extent, and elevation, are amongst the most 
curious objects to the naturalist, who sees here the great mass of secondary 
formations, and even portions of the table land itself, rising higher than 
the primeval peaks. This is sufficiently remarkable in the lofty level of 
R&pshti between Ladik and Spilt, and the still higher belt of country 
intersected by the Satlcj between the Chinese frontier at Shipke and lake 
Mtmsarovara, supported by the Himalaya on the south, and flanked by the 
great Kylas or Laoehi chain washed on its nortward base by the Indus, 
beyond which all our knowledge ceases; but information, and conclusions 
together vague and unprecise as they are, hold out the ground and idea 
of still loftier Tanges, the nature and limits of which we cannot even 
conjecture. The eternal snows are there repelled to an incredible height, 
resting partially or entirely vanishing, from the face of the country, very 
little being here precipitated from skies almost bare of clouds. The 
rounder and more lumpy configuration of the mountains and gentler 
undulations of the soil would seem to indicate their structure to be analo¬ 
gous to that of the regions which have come under observation, and the 
accounts of the Lamas confirm the report of calcareous deposits, gravel, 
clayish, or kattkar, rubble, and alluvial formations, wherein shells and 
various organic remains, with petrified bones, are found intermixed with 
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- decomposed felspar and the fossil exuviae of animal matter. From the 
vast extent of the homogeneous tract, as inferred from the narratives of 
travellers, and the productions of distant points of the plateaux, there is 
every probability that the whole country lying at the back of the Iltm&laya, 
the mountain ridges and plains of the interior from the skirt of Laddk, and 
even tKe limit of Turkisl&n to .he table land of the lirahmapulra at Teshu 
Lumpu, abound with fossil relics, the living prototypes of which have 
disappeared from the earth. The grounds of this belief are not comprised 
in the productions of the Spilt valley ; several of the most curious shells 
having been obtained from remote parts of the interior, but n t being 
objects of appreciation by the people as the Salagrama stones are in 
India, they pass unregarded, or are viewed with superstitious reverence 
as in the case of the fossil bones of the Mammoth, considered to have 
fallen from the clouds. The very few shells which have thus come to 
light, arc chieflj interesting as insulated .specimens of the varied resources 
of the country ; being from their unknown situs and position deprived of 
their value to tlio geologist, though still idon'ifying the continuity of 
character, and pointing out an intimate analogy with the fossil geology of 
opposite regions of the globe. 

The valley of Spilt, though remarkable for the poverty of its soil anil 
inhabitants, claims consideration in a physical view, the river roiling over 
a plane, the extremities of w hich have a difference of level exceeding one 
mile in a distance of one hundred, a fall uuiudicated by the appearance 
of the stream. The declivity is to the south east, and the course so nearly 
parallel, that with the exception of a single deflection above Shtealkar, 
a straight line would almost lie within the whole channel, a feature in 
perfect conformity with the homogenous nature of the rocks through 
which it passes; and wherever an obtrusive formation occurs there the 
velocity of the stream undergoes a change, ail the harder or primitive 
rocks which enter into the structure of the channel uniformly hastening 
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the slope, giving the river an impetus, which often roughens to a torrent." 
In the secondary or softer strata, the channel is l f, ss jogged and the 
surface of the stream smoother, and where the district is limestone, gra¬ 
velly, or argillaceous, it meanders silently, threading its way in the sand by 
numerous intersections: a corresponding character is imprinted on the 
landscape, the mountains betraying tlicir structure in their configuration. 
The lower region of the dell is very rugged and abrupt, the granite rocks 
on each side at the conflux with the Sutlej cut into mural precipices, hang 
like vast gates over the slowly emerging river. The eastern wall of this 
chasm runs ap wiih an unequal slope till it is crowned by the sharp cliffs 
of Parkyul , bordering upon twcnlj-three thousand feet, and repelling 
the snow from their arid sides to within three thousand feet of their 
summits.'* With the exception of a few miles at the embouchure, the 
river upwards, ns fur as llm village of Chango, is much inclined, appearing 
in a line of whiteness. In this neighbourhood, especially at Shinlkar, the 
mountains exhibit their sides of rotten argillaceous slate, and at their 


• Two of the peaks have been found by measurement, respectively, twenty-two thousand five 
hundred and twenty-two thousand seven hundred, but it is probable that there are still loftier points 
in the back ground where it abutB upon the tabic land. The ridge trends along the Spiti as far as 
Chango , where it is deflected to the north east, and softens into vast heaps, being no longer peaked, 
and the granite evidently running into the secondary class of rocks, and giving the bluff contour to 
the masses which have a waving gravelly appearance, with a tegular slope. Then summits which 
seem to exceed twenty-one thousand feet are fenspken by the snow. Even ufrer a lieuvy fall in the 
beginning of November which covered the face of liie country—those arid mountains presented tlie 
lightest dropeiy like hair powder. My lofty position above the cottage of Changrczmg w;is upon 
the slope of one of those enormous heaps, anu they extended toward* the chain of red peaks with 
an ascending elevation. 

In a notice hy Mr. Colebhooke in some English publication, upon the comparative results of 
\ arious measurements in the Himalaya regions, made by Captains HEKBERraud Gerard, lie remarks 
that the only great difference between the observatiuus of the two Suiveyors occurred in the alt'rudc 
of Parkyul , where this amounted to three thousand feet, which is a mistake either on the part of 
Mr. C. or in the statement of the case. The station upoq the slope of Parkyul, at nineteen t!inu%and 
five hundred feet, being confounded with the crest of the peak which is twenty-two thousand five 
hundred fee*, a discrepancy of sufficient magnitude to lessen the dependence to be placed upon the 
accuracy of all the results, 
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r bases we see tumuli of loam like potter's clay protruding through the 
black soil. The eternal snow (summer line) here recedes to nearly twenty 
thousand fire hundred feet, on a south western exposure, the bottom of the 
ralley being itself ten thousand feet above the sea, but the effect of solar 
radiation in this arid concave modifies a climate, which, in insulated 
elevation would be unproductive of grain, to a temperature capable of 
rearing consecutive crops in tne proper season. 

Upwards from iSheealkar, the river has a slower acclivity. The 
marginal rocks crumbling at their surface terminate in smooth slopes of 
finely comminuted matter, and finally in steep dead sand, which repels 
both vegetation and snow, till near Dinkar, where the valley making a 
sharp flexure, resumes its natural direction, deriving a new feature from 
the transition of the rocks which now mark the fossil district, and open 
out at their base to a flat pebbly expanse of three furlongs. 

The scene now begins to wear a desolate grandeur; every object is 
arid, the parched and thirsty soil ceases to shew a glimpse of verdure 
The river winds its course in streamlets through a bed of sand and pebbles. 
The section of the rock being very steep exposes the stratification, which is 
here slightly inclined from the horizon. Ddukar itself is perched upon a 
projecting ledge of conglomerate limestone, rising out of the valley in 
steep indurated masses, which the erosion of time has filed into slender 
spires and the percolation of snow eaten away at their bases till they 
present a groupe of turrets and ravines almost deceiving the senses by 
the effect of natural agents. These lofty piles have a compact solidity 
which resists the hammer. Their sides are often scooped into places of 
abode, and the natural excavations are taken possession of by monks 
and a vagrant priesthood, who detaching themselves from the rest of 
tbe world like the Druids of old, are to be seen peeping out from their 
isolated niches. 
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The valley beyond this point preserves a considerable expanse, vary¬ 
ing with the structure of the mountains, which sometimes jut out in hard 
black masses, contracting the river, but the bed continues pebbly and un¬ 
hampered by rocks. The near cliffs on each side rise to about sixteen 
thousand feet, and are entirely bare, the snow resting at twenty thousand 
feet upon southern aspects, and except in hollows, not greatly lower on 
shaded sides. 

At the village of Rangrit , two days journey about Ddnjc.ar, the bason 
of tne river has a fine spread, and is here intersected by sandy islets, 
bearing Tamarisk bushes and a turfy vegetation, whereon the Hocks feed 
in winter by scraping through the snow. The country has the same 
arid complexion, and encroaching barrenness alone marks the course of 
the valley, while gleams of the snowy frontier of Rupshu are seen through 
the defiles of torrents, and a sharper section of the mountains foretells 
approach to its recesses. The cultivable step is greatest upon the right 
bank, the cliff of which, on both sides, from one to two hundred feet high, 
is worn into pillars like gigantic minarets. Their composition is an aggre¬ 
gate of gravel, pebbles, or calcareous rubble; the left alluvial sediment of 
the river baked to a rugged hardness by the sun's rays, and tapering intc 
cones wInch arc frequently crowned by a flat stone like an entablature; 
their bases eaten away till they fall within the perpendicular, and altoge¬ 
ther so frail as to appear to the spectator who passes them, an impending 
danger which hastens on his steps; yet they stand erect, crumbling only 
at ’heir surface, and, subsiding imperceptibly to the surrounding level, 
vanish amidst their own ruins, from which others again take their rise, 
and in their slow formation and slower decay, they record long periods of 
time being *he last remains of a bank or entire section that has thus worn 
away . These groupes of tumuli which' are often left insulated upon the 
steepest slopes of the mountains, where all around is uniformly smooth 
and bare of vegetation, are viewed with timid curiosity by the traveller, 
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who descries them from afar through the loaming air like fortified castles, 
but here man is not his enemy. 

At this point of the valley the river has an actual elevation of twelve 
thousand feet, and the narrow inhabited slip, from two to four hundred feet 
higher, trends on each side with a steep cliff to the stream, backed up by 
the bases of the mountains which here assume a perpendicular form, and 
the gradual erosion of their surface has thrown up heaps of finely attrited 
matter that reaches high upon the sides of the rock no longer visible, and 
in the course of time will overtop the loftiest peaks, and the whole country 
he thus buried in its own dust by a process of nature, which, however 
slow, is iuevitable and irresistible. 

The rise of the level continues beyond Raugtik, at the rate of thirty 
feet a mile; the river winding witli a varying expanse and making 
sharper flexures; the rocks of a packed structure assume a bolder and 
more lumpy form, their inward faces steep and scabrous, terminate in flat 
summits, or are deflected in a slanting plane at a medium height between 
sixteen and seventeen thousand feet, a limit which is occasionally whiten¬ 
ed by snow at mid summer. These are but the cheeks of the river, and 
the roots of a parent chain on each side which towers majestically in the 
back ground. The villages of Hayl and Hanst rest at an elevation 
between twelve and thirteen thousand feet: here the river is still of con¬ 
siderable volume, but fordable with some exertion; and at Lossur, the 
last inhabited spot, a few miles higher, the stream was found so much 
reduced that 1 crossed it with ease upon acnan’s back in the month of 
August, but the width of its bed argued its much greater size at an 
antecedent period of the year. Beyond Lossur the river has not been 
traced. On coming down upon the village from the heads of the Ckunih, 
I found its bed, at a spot nearly a mile higher, to have an elevation 
approaching to thirteen thousand five hundred feet, and the slow rise 
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of the river onwards, as shewn by the flatness of the channel and 
creeping progress of the stream, indicated the forks to be still at some 
distance, and the valley, before it breaks into a gorge, to have a vast 
altitude, perhaps not under seventeen thousand feet. The nature of 
the country at hosnr partakes of the general arid display. The moun¬ 
tains are more continuous, and throw out their cliffs like a wall, where 
neither snow n6r soil can rest; their tabular summits adding anew feature 
to a scene of calm desolate grandeur. 

In August the crops were still green and the morning temperature 
at 42° The village occupies a slip of soil at the feet of the mountains, 
and cultivation descends in a slope graduated for irrigation. The people 
are even darker here than in the lower and warmer regions, and when the 
ground is covered with snow the black figures moving into sight have a 
very grotesque appearance, as they glide along the sheeted surface to 
which they form so sad a contrast. Mankind here, like plants ir. other 
climes, groupe together for mutual comfort and protection against the 
pressure of the climate. Lofty as the level of Lossur is, there is little in 
the landscape to betray its position wben viewed in summer embosomed ia 
flourishing crops and herds of shawl-wool goats. Yaks and horses meet 
the eye upon the high acclivities of the mountains, and an ardent sunshine 
keeps the air loaming from the effect of mirage. The SpUi below in its 
smooth sandy bason might even be recognised as a stream in the plain# 
of India. 

I had no opportunity of obtaining precise information about the 
remainder of the river, much leas of following it up; but from the confor¬ 
mation of the channel and glance along the stream, while 1 stood in its 
bed. I have no doubt that it penetrates several daye journey beyond 
Lostur, and that it forms the base of direction to a pass into It^ftkU, 
which by inferences from another, at a lower point of the valley, may be 
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concluded to be upon the verge of nineteen thousand feet, and as the 
stream*, from that elevated level t.ttll flow by a circuitous course into Spilt, 
(none finding a slope to the Indus') there is the most presumptive proof for 
the supposi lion of higher ranges in the area included between that river and 
the Sally than has yet been observed in the detached cliffs of the Himalaya, 
which seen from spots little elevated above the sea, in sharp towering 
peaks, impress l>y their imposing portraiture an idea of greater nltitu.l i 
than that which is recognised in the mountains behind them, wheie this 
effect is absorbed in the vast elevation of the soil from which they rise, and 
the very lofty position of the spectator who views them. The mountains 
upon the Tartaric frontier derive from the elements of their formation a 
rounder contour, appearing like gigantic sand heaps We here behold them 
as it wcie planted upon a plain, which is itself more than half their entire 
height. The stieam of the Sully at Sktpke has already risen to nearly ten 
thousand feet, and at liekhar, thirty miles farther, it approaches to eleven 
thousand. At the town of Daba, under Ntti pass, and eight days journey 
from Mansaro’ai a it verges upon fifteen thousand ; limits which, if in insu¬ 
lated elevation, would of themselves be considered as very lofty, are here 
lost in tin continuity of the neighbouring surface, and the highest ridges 
arc apparently diminutive, and where the lines of level reach a greater alti¬ 
tude the inequalities of the soil become quite insignificant. In thd plains 
and rallies of Jlipshu I found myself surrounded by black conical hills 
of from three to four thousand feet, mere heaps, yet they had a positive 
height of twenty thousand, the flat expanse at their base being here 
sixteen thousand. Lake Cbamorrril, the greatest depression of the soil was 
still fifteen thousand feet above the sea, while Lake Mansarovara, from 
conclusions grounded upon barometrical observations made in the course of 
the Sally, appears to he at least seventeen thousand. It is not surprising 
then that the country of the Ootsiet, or Hun-dh, seemed to Moobcboft to 
be less lofty than the Himalaya, and that even Kylds, so conspicuous an 
chject of reverence and superstition, elicited no mark of admiration when 
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seen from a position so elevated, that Chimborazo itself wanld look like a 
mole hill, and the highest summits of the Himalaya cease to appear ma¬ 
jestic. Subsequent travellers have been equally deceived by the aspect 
of the interior, and though aware of their own elevation, erred prodigiously 
in their conclusions on the height of the country. Seeing the mountains 
under a less abrupt form, and only capped with snow produced a convic¬ 
tion of their depressed altitude, and that the whole surface had a down¬ 
ward tendency ; a knowledge of the reverse may be now safely hazarded 
even upon the rude appioximations which have been obtained. A tra¬ 
veller in Rupshu finds himself, for days together, upon a level between 
fifteen and seventeen thousand feet, which runs in flat slips, or slightly 
inclined valleys, formed by the. intersections of the mountains which 
are crossed at their depression, between eighteen and nineteen thousand 
feet; but this broken land already borders upon Laildlc and the Indus, the 
bed of which under Leh, the capital, has probably an elevation exceeding 
eleven thousand feet, yet the country all around was very high, and the 
distant mountains in sight not only uniformly white in a region where 
the perennial snows rest beyond twenty thousand feet, Lut this belt was 
very broad, and the aspect was more that of mountains of snow' than 
snowy mountains, my own elevation being here eighteen thousand feet; 
circumstances of themselves arguing vast height and removing at least 
much of the uncertainty and many of the errors which the. consideration 
of such a subject would involve under the usual elf meats of the problem. * 


* Barometrical results from thei- extreme simplicity’ anil facility of observation, have not received 
due estimation in Geometrical operations, while mac'uijry :•» the instruments or observers have 
justly depreciated their value. It will however be found vhnt with the correctness of which they are 
'susceptible, their indication* will appioxnuutc so closely to Tii^onometrical measurements as to 
Jeave the question of superiority doubtful. I allude lure to those Mathematical operation*, which, 
by tf»«ir condu.cns, exclude every source of error atistng from refraction or the determination of 
the base end angle* of the triangle: in cades of considerable difference in which the triangulauon 
involves long distances, and in instances where two o r the angles tan only be obse/ved, barometrical 
conclusions deserve the preference, and in almost all ure indispensable adjuncts, and afford satisfac¬ 
tory verifications, while the most interesting portion cf Physical Geography, the lines of level which 
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The idea of other and still loftier ranges beyond those gelid scenes, 
extending along the southern skirt of the Indus , is strengthened by the 
information of the goatherds upon the spot; but those observed from a 
barometric level of 15.520, answering to eighteen thousand feet, where the 


regulate ciincite and vegetation, the section* of river courses tad the planes o( wntcr communication 
throughout a country admit of no other method. On comparing the circumstances which affect the 
conditions of the respective operations, we shall see that the refrnctive power of the atmosphere 
involves a source of error of infinitely greater extant and uncertainty than the variations in its gra¬ 
vity which almost alone enter into Bsrometrical computations, and can be compensated by the 
medium of a large range of simultaneous observations. In cases of small angles at great distances 
the uncertainty of refraction must always prevail, and in the vaiious degrees of temperature and 
humidity of the medium through which a ray of light passes from an object in the Himalaya 
to the eye of an observer upon the plain of India, if the angle is less than 1°, the undeter¬ 
minable quantity might be sufficient to vitiate the whole calculation, if this is made with 
reference to a fixed point, but without assuming the extreme limits of error which are liable 
to result from the deflection of the visual ray in an atmosphere, varying in temperature 'within 
the points of observations to 70 or HO degrees, the uncertainty still remains as to the quan¬ 
tity to be allowed for the intercepted arc, in cases where the three angles of the trian¬ 
gle cannot be observed, which include all the grand points of the chain, and for which 
allowance there is no precise measure, and a mean from the extremes only reduces the height of an 
object within the limits of a very considerable space, in many cases exceeding a thousand feet. 
With respect to Barometrical heights, much superfluous objection has been made in regard to the 
variations in the specific grs- ity of ibe mercury arising from natural impurities or adulteration, but 
which arc notwithstanding, limited to a mere imaginey compass, from the impossibility of alloying 
the moial to any appreciable extent, without rendering it useless for the purpose. These are iow- 
cver, determinable errurb, which may be destroyed entirely, la the dry and brilliant regions which 
have disclosed thesrenes of gigantic grandeur alluded to, refraction becomes a computable element; 
from stations elevated eighteen and nineteen thousand feet, the angles of the most distant objects 
would be subject to little derangement from variation in the density of tlie atmosphere and 
vertical bases which are generally within our reach, by their proximity to each other, would prevent 
the accumulation of error by reducing the interval between the observation of the angles to an almost 
cotemporury result; another advantage occurs in Barometrical ’-vels at very lofty stations in the 
alight changes of atmospheric density, or at least the uniformity of the fluctuations. It is true that 
it requires but half the extent cf the oscillations in the mercurial column here, to produce the same 
effect {error) as at the level of the sea, hut this is equally appreciable at the highest as at the lowest 
regions, and the discrepancy (whatever this may be in an altitude of four orffve thousand feet, is mat 
lihufc to be augmented in that of eighteen or twenty thousand, a correction for the hygrotnetric 
state of the air seems still a desideratum in Barometrical calculations. Under all the circumstances 
of the measurement when made with accuracy and the necessary compensations, we may safely 
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night temperature was IT on the 23rd September, had a sufficient angle to 
approximate their altitude to twenty-fire thousand feet, and this not in a 
few detached points but a continuous line of peaks, while the paler snows 
which encircled the summits of the most distant, indicated them to be 
still loftier, and without assigning them the extreme height, (in that of 


assign two hundred teet for the maximum limit of error m the greateat altitude*, and at the most 
remote distances from the site of cotemporary observations, a quantity not ao great as result* 
between separate Geometric operation* by the aame person or between different observers, and even 
lea* than the difference in the computations of separate individual* from the name premises, and infi¬ 
nitely lea* than the ’inula within which refraction varies in the ordinary state of the air. An appli¬ 
cation of the argument is found in the Chur, an insulated mountain ridge, twelve thousand cne hun¬ 
dred ana forty-seven feet high, in the hill state of J'irmur, north of Ndhn and Saharanpur, chosen 
ni the grand Trigonometrical station for the survey of the country between the rivers Satlej and 
Jamna, and its altitude fixed by a senes of simultaneous observations made uiider different circum¬ 
stances of seasons and temperature upon its summit, and Saharanpur upon the plain at an oblique 
distance of about fifty miles. This being an accessible spot, all the angles of the triangulation 
were observed and the amount of refraction determined, the greatest accuracy is therefore due to 
the operations. Several years after, I visited the spot on the day *of the summer solstice, at the com¬ 
mencement of the rainy season, when the difference of temperature between the peak and tne plains 
was about fifty Thermometrical degrees and the atmosphere variable. The Barometers I used were 
constrt'cteu by mjseif upon the spot. The tubes, though under twenty-eight indie*, exhibited a per¬ 
fect vacuum, the.mercury having been boiled within them. The scale was a Hr rod, the horary obser¬ 
vations were made at my camp seventy feet below the summit, and several were taken upon the 
extreme point of the peak, the result of the whole as calculated from simultaneous observations at 
Suhathu the height of which was fixpd, came within three feet of that deduced by the most accurate 
operations of trigonometry which is perhaps proving too much. A subsequent measurement, at an 
interval of some years, and uumputed from Barometrical observations at Calcutta, was within a few 
feet of the same resu't. The uniformity in Barometrical indications proves their accuracy. Far 
loftier spots than the Chur have been visited at different seasons of the year, and with different 
Barometers with the most satisfactory results. The passes in the Himalaya at fifteen and sixteen 
thousand feet, in the midst of eternal snow. Those upon the verge of the table land at elevations 
of eighteen thousand feet, in a bleak arid country, and stations upon Farhyul at nineteen thousand 
five hundred feet, and the difference in the respective heights seldom approached to one hundred 
feet, though the temperature under which the observations were made sometimes varied forty degrees. 
Upon every consideration then, the Barometrical levels taken in my journey to the skirts of Laddk, 
and at various times upon the frontier of the Chinese territories, may be depended upon as true 
indications, though I have not attempted to reduce them to measurement, but contented myself 
with general comlusious, in round numbers, as more consistent with the nature of the subject. 
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a solitary peak,) there is ample room to confirm their rivalry o»er the 
southward Himalaya.* 

The snowy chain, west of the Ganges, is crossed at elevations of between 
fifteen and seventeen thousand feet, and rarely the latter. At the sources 
of the Hyphmis in Kuhi, the depression of the Jlimilaya, 'at the pass of 
Rotang, is as low as thirteen thousand feet, but the northern ramifica¬ 
tions of the chain are traversed in an ascending series in that of the 
Paralassa and Lailchc, long ridges, respectively sixteen thousand five 
hundred and seventeen thousand feet; a third which formed my nearest 
appulse to Laddk, was approached by a valley itself elevated sixteen 
thousand feet, and from the steepness of the Blope in its winding course 
beyond my position, I concluded the pass in the range to border upon 
eighteen thousand feet. The contiguous peaks, at a far higher l$vel, 
were perfectly black in the middle of September,—but before reaching 
Laddk, another range, the Parang La, is crossed, which being sheeted in 
snow, and the passage expressly described as attended with laborious 
respiration, debility, and the usual effects of a highly rarifted atmosphere, 
we may infer to be still more lofty.i This chain runs upon the limit of 
the Indus, and is no doubt continuous with the line of cliffs already noticed, 
which appears to stretch away uninterruptedly to the forks of the river 
near Mansarovara. Pursuing the analogy, by going eastward, the passes to 


* This measurement excludes the still loftier limits which have been assigned to Dha%oaigiri t 
Chamaldri, and other peaks in the south-eastern quarter of the chain winch have not afforded the 
lame advantages of verification, and may still be considered as desiderata. A few others have 
indeed been determined at twenty-three and twenty-four thousand feet, but even those detached 
points esn scarcely be taken as a measure of the magnitude of the range as comnartd with the vaster 
continuity of the interior ridges of the table land. 

-1 There is some uncertainty whether this range of mountains is crossed by the route I followed, 
butit exists and is represented at a very formidable barrier.. My nearest appulse to Leh, the capital, 
appears to have been atill five days' journey distant, which allows ample space for the intervention 
of the snowy ridge of Parang Ld. 
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tactually picked up some of the shells was on the ciest of a pass elevated 
17,000 feet, where also were seen numerous blocks of the calcareo-silicious 
matrix. I was not able to pass more than a single day at this interestinf 
spot, but I brought away numerous fragments of the rock. If the obser¬ 
vation of shells and mountain strata of organic remains at such an altitude 
be worthy of attention to the geologist, I am happy in having enjoyed the 
opportunity of verifying the fact—leaving to more experienced hands tbe 
recognition of the species and the age of the fossils, the classification of 
the strata in which they are imbedded, and the theory of their being raised 
to their present elevation. 


NOTE. 

It will be wen by the heading of this paper, that it contain* only the “ first part" of Dr. Gerard’s 
observations on Stff, and treats, of the geography, elevation, and climate of the valley; the 
second part, which was to have described more particularly the geological features of the country, 
in illustration of the fossils presented by the author to the Society, has been delayed by Dr. 
Gerard’s journey to the Oxtu, and cannot now arrive in time for insertion in the present volume ; 
the last paragraph has therefore been added from information contained in the author’s letters to the 
Society accompanying the specimens. It may also be convenient to notice here that duplicates of 
many of the shells described in tho Rev. R. Evesrst’s memorandum, page 107, were sent at that 
gentleman's request to Mr. Sowerdy, author of the “ Mineral Conchology,” the substance of whose 
reply is here subjoined, with alteration of the numbers, that they may coincide with the figures of the 
plates of Mr. Everest s paper. 

Extract from Mr. J. D. C. Sotocrby's Utter to Mr. Jam* Prinsep, Sec. Ph. Cl. 

« I had before seen some specimens from the same mountains in the possession of Mr. Stokes 
and Dr. Bucklanu, among which were several ammonites that are as yet unnamed. The Rev. Mr. 
Everest's deductions are correct as far as they relate to*the formations the fossils belong to, as will 
be seen by the accompanying list of names, to each ot which I have added the formation in which 
that species occurs in England. In the genus Tertbrt*,ulu there are many species that cannot be 
depended upon as indicating particular formations, because very similar ones ate found <n several 
beds, xn& the species are difficult to determine, especially if not quite perfect. The Pecten 

\ 3 
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mentioned u resembling the common scallop (of which no specimen wee Mnt home) is probably the 
P. sequmtaMe, which is characteristic of the inferior oolite; the Hdi a mentioned alro may possibly 
be Asnpullaria nobilit which accompanies the Cirrus in the lower beds of the mountain limestone of 
Ragland and Ireland." 

6, Camden Terrace , 14M October. 


List of Himalayan Fossil Shells . 

pi. I, Figs. 2, 3, 5— Ammonite* annutatus, angumws of Schlotheim, Zciten Versteinerungen Wiir- 
tem bergs;—f. is. f. 2. Mm. Con. tab. ccxxii. fig. 5 is the same shell:—Lias 
formation. The large specimen is filled with sulphate of barytes. 

16 —Behmnites sulcatu* Sillot, Miller, (Trans. Geol. Soc., 2d series, wl. II, pt. I, 
pi. 8, fig. 8 4, and 5.) Bel. apiaconus, Hlaioville's Memo»re. Lias, inferior 
oolite. 

]6_ Alveolus of a Pelemnite, perhaps of B. sulcatu* — Orthocera conica of Min. 

Con. tab. ix, although called an orthocera, is only an alveolus similar to this. 

PL II, Fig. 19 —Avicula (rather than perUn), new species. 

22, 2S— Spirifrr striatu*. (Min. Con. tab. ccixx.) Mountain limestone. 

26—Cast of the interior of the same shell. 

21 — Producta scabrimla. (Min. Con. t. Ixix. fip. 1.) This and the Spirifer are its 
a stone strongly resembling some of the Transition slate of England. 

26 —Astarteplaneta, var. (Miu. Con. tab. cclvil.) Inferior oolite. A variety of 
this shell is found at Bayeux in Normandy, and is called Craasina modiolari* 

98_ Nucula, an unnamed species ; similar fossils occur in the mountain lime and lias. 

29—-strongly resembles a portion of some huge Ircceramus, but is not peifect enough 
to determine.* 


Of the other shells depicted in the plates, there wire at that lime no duplicates 
for transmission to England. The shells in Plate III, are for the aametreason 
unnamed. 


J. P. 
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NOTE 

ON THE 

DISCOVERY OF PLATINA IN AVA. 


Bv JAMES PRINSEP, e.r. s.. Sec. Ph . Cl. 


The first suspicion of the existence of Platina in the Gold Dust of 4va, 
occurred to Mr. Charles Cane, a merchant residing at the Burmese 
capital, Amerupira, in 1830. That gentleman transmitted through Major 
Burney, the Resident, u small button of the suspected metal, along with 
other minerals, to Mr. George Swinton, who presented them to the 
Asiatic Society on the 16th January, 1831. 

A Note on the examination of this button was published by myself in 
the Gleanings in Science for the following month, in which it was shewn 
that the metallic bead was a fused alloy of platina, gold and iridium, with 
iron, arsenic and lead. It had a specific grarity of 17.2, and was fusible 
at a forge heat into a round button. At a temperature of 1900“ under a 
muffle, it assumed a dull granular spongy texture and a dark black colour, 
without loss of weight. The lead had no doubt been added to rendei 
the metal fusible: and when once united, there is known to he great 
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difficulty in again separating the metals. Platina cannot be purified by 
cupellation like gold, on account of its infusibility, which causes the alloy 
to solidify before the whole of the lead has been oxidized and driven off. 

Having expressed a desire to obtain some of the native mineral in 
grains, Mr. I.ane was so kind as to send a specimen which he had with 
difficulty procured in the course of the following year : but he was never 
able to send a second supply; so, being unwilling to consume the whole 
specimen in an analysis, I have contented myself with a rough examina¬ 
tion of a small portion. 

Before giving the results, however, it may be useful to bring together 
into one view the whole of the observations of the discoverer, and of Major 
Burney, on the locality and mode of extraction of this precious mineral. 

Mr. Lane's first announcement was expressed in the following terms : 

“ ‘Mixed with the gold dust, found to the northward of Ava, are a 
quantity of grains of metal, having every appearance of iron; they are 
easily corroded, and are also affected by the magnet: by melting these 
grams, and keeping them ia fusion, until the metal is no longer observed 
to scorify, the enclosed button ot niclul is left at the bottom of the 
crucible. 

This metal, when mixed with gold, is found to increase iIs brilliancy. 
The King s e,ir-r:ng» are made of a small quantity of it, mixed with pure 

gol , it is \eiy brittle, and all our attempts have hitherto failed in making 
it malleable.’" 

In addition to ibis information, Mr. Swtkto n received the following 
particulars from Major Burney in January 1832. 
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“ • 1 find that a good deal of the platioa ore is brought from some 
mountain torrents, or small streams, which fall into the Kyendtcreu river 
from the westward, near a town called Kannee ; and it is collected 
in a very curious manner, as Mr. Lakf. is informed, although he hesitates 
to believe the fact. The horns of a species of w ihl cow in this country 
called Tsain, perhaps the same as the JVy/gao of India, have a velvet coat 
bcforelhe animal reaches the age of two or three years: a number of these 
horns are token and fixed in the beds of the small streams, and at the 
close of ths rainy season, when the water subsides, a doth is put down 
over each horn separately ; and the horns, and cloth, as well as a portion 
of the sand around them, are taken up together. The horns appeal to 
collect around them a good deal of gold dust, which the streams have 
washed down, and with this dust grains of platina are found mixed. 


The Burmese look chiefly for the gold dust, separating and bringing 
that alone generally to Ava ; and although Mr. Lake has often urged the 
men who are engaged in this trade to bring at once the whole of u hat they 
take up with the horns, he has not yet been able to persuade them to do 
so. These horns sell sometimes for 12 or 13 Heals a piece : deer s horns 
are sometimes used instead of them. 

The Burmese call platina, Skeen- than; much of this ore is also found 

with the gold dust collected among the small streams wlueh fall, into the 

Irawddi, to the northward, in the direction of Ha,man. 


analysis. 

One hundred grains were taken for the determination of the specific 
g J; They were immersed in water in a small glass tube, for which a 
oownterpoise had been previously adjusted, and the a " 

““der theexamination with a 

floating on the surface of t • 

z 2 
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microscope-, proved to consist of spinel, augite, silex, and one very minute 
emerald 

The specific gravity of the mixed grains at 75° was 12.17. 

Fifty grains, dried, were then taken for analysis. 

1. From this were separated, under the microscope, 0.5 grains of gold. 

2. The magnet removed also 0.4 of small black grains, supposed to 
be crystalized magnetic oxide of iron. 

S. The remainder consisted of two portions, which were imperfectly se¬ 
parated ; A, shining scaly' grains of a silver colour; & B, dark black grains. 

4. The white metallic scales (A) had a specific gravity of 9.10—the 
quantity separated weighed 8.5 grains. The black residue (B) weighed40.0. 

,». The silvery scales (A) were digested in boiling nitric acid, and 
caused a slight disengagement of nitrous fumes. The solution was not 
affected by muriatic acid, and consequently contained no silver; but car¬ 
bonate of potash threw down a slight flocculent white precipitate, weighing 
less than 0.2 grains, which was not examined. It was probably carbonate 
of iron. The scales were then digested twice in boiling nitromuriatic acid_ 
which acquired a deep orange colour, but left undissolved a portion of the 
scales and such of the black grains as had not been thoroughly separated 
from the rest: the weight of this residue was 3.7 grains. 

G. The separated portion of dark grains (B) was also boiled several 
times in concentrated nitromuriatic acid, which took up 1G.4 grains, and 
left untouched 24.2 grains, among which were discernible several of the 
shining scales not separated in the first instance. 
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7. The two nitromuriatic solutions were mixed together and treated 
With muriate of ammonia, which threw down a copious orange precipitate 
of the triple salt of platina, weighing 21.9 grains, which are equivalent to 
9,45 of metallic platina, or nearly twenty per cent. 

8. The solutions still retaining their orange red colour were treated 
with carbonate of potash, which precipitated at first mere oxide of iron 
and afterwards a bulky gelatinous precipitate of a light yellow colour, 
which was left unexamined for want of leisure, but which was sup¬ 
posed to contain a small portion of some earth mixed with carbonate 
of iron. 


9. The undissolved residue of A and B, 27.9 grains, was mixed with 
caustic potash, and heated to redness in a platina crucible, according to the 
formula of Wollaston, to rid itof silicious matter which prevents theready 
solution of the metallic grains. The fused mass was dissolved out of the 
crucible with weak muriatic acid, and was boiled in the same, imparting 
to it a bright yellow colour. The black grains remained in deposit, and 
were but little affected even by repeated boiling in nitromuriatic acid. 
The process was repeated with the same want of success. 21.92 grains oi 
a fine heavy blue-black powder remained out of the original 29 grains: 
much of the difference must be attributed to the loss in such an operation 
upon a fine powder;—a part, how r ever, is accounted for in the earths and 
iron taken up by the muriatic acid. 

10. According to the experiments of R. Bing lf.y, Esq., H. M. Assay- 
Master, at the London Mint, small portions of platina and its companion 
metals in alloy with gold may be separated by the ordinary process for 
refining gold, or quartation with silver and solution in nitric acid. I there¬ 
fore endeavoured to obtain a solution of the refractory metal by uniting it 
with gold. 
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For this purpose, 2 grains of the black powder were wrapped up in a 
plate of pure gold weighing 20 grains, which was again enclosed in 50 grain* 
of pure silver, and the whole fused together in a wind furnace. The bead 
exhibited black specks, as of iron oxide, on parts of its surface, but most 
of the powder had united with the compound metal. 

On lamination and dissolution in the usual way, the nitric acid did 
not acquire any peculiar colour, and the gold cornet, when annealed, 
shewed the same spotted appearance as had been remarked in the button : 
it had a weight of 21 grains. On solution of this gold in nitromuriatic 
acid, the liquid took a dirty green colour from the suspension of a very fine 
dark blue powder, which quickly subsided, and had the same appearance 
as at first. The powder was placed in a Stourbridge clay crucible and 
urged in the heat of a forge until the crucible melted, without reduction of 
the powder to the metallic state; and it was only upon subjection to the 
oxihydrogen flame that it w'as agglutinated into a bright metallic sponge, 
similar to that of the iridium separated in the analysis of the platina but¬ 
ton from Ava, before alluded to. 

From tiie above imperfect examination, it appears that there is a pre¬ 
dominance of iridium in the Ava platina ore to a much larger extent than in 
the ores fioui South America or from the Ural mountains. I hope hereafter 
to obtain a more copious supply of the mineral, and then to ascertain the 
presence of o tnium and the other metals w hich usually accompany pla¬ 
tina. The presen ote has been drawn up solely with a view to certify 
the interesting fact of the existence of platina among the gold washings of 
the Ava rivers; and in connection with that fact it may be farther stated, 
that the platina constitutes 20 per cent, of the cleaned ore, and that it 
is accompanied with about twice its weight of iridium. The remainder 
appears to be chiefly oxide iron. 
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